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Southwest Technical Products Corporation 


6800 Computer System 


The Southwest Technical Products 6800 computer system is based upon the 
Motorola MC6800 microprocessor unit (MPU) and its matching support devices. 

The 6800 system was choosen for our computer because this set of parts is 
currently in our opinion the ‘‘Benchmark Family“ for microprocessor computer 
systems. It makes it possible for us to provide you with an outstanding 
computer system having a minimum of parts, but with outstanding versitility 
and ease of use. In addition to the outstanding hardware system, the Motorola 
6800 has without question the most complete set of documentation yet made 
available for a microprocessor system. The 714 page Applications Manual, for 
example, contains material on programming techniques, system organization, 
input/output techniques, hardware characteristics, peripheral control tech- 
niques, and more. Also available is a Programmers Manual which details the 
various types of software available for the system and instructions for 
programming and using the unique interface system that is part of the 6800 
system. The M6800 family of parts minimizes the number of required com¬ 
ponents and support parts, provides extremely simple interfacing to external 
devices and has outstanding documentation. 

The MC6800 is an eight-bit parallel microprocessor with addressing cap¬ 
ability of up to 65,536 words (BYTES) of data. The system is TTL compatible 
requiring only a single five-volt power supply. All devices and memory in 
the 6800 computer family are connected to an 8-bit bi-directional data bus. 

In addition to this a 16-bit address bus is provided to specify memory loca¬ 
tion. This later bus is also used as a tool to specify the particular input/ 
output device to be selected when the 6800 family interface devices are used. 

System timing is provided by the crystal oscillator portion of an MC14411 
driving a two phase clock system. The circuit also includes dividers to 
provide bit rate signals for the interface circuits. This makes it possible 
to independently connect the serial interfaces in the system for 110, 

150, 300, 600, or 1200 baud operation with crystal controlled accuracy. 

The SwTPC 6800 computer consists of the following major parts; 

MC6800 Microprocessing Unit (MPU) 

MCM6830 Read Only Memory (ROM) 

MC6820 Peripheral Interface Adaptor (PIA) 

MCM6810 Random Access Memory (RAM) 

These parts combined with an appropriate power supply, memory, interface and 
bus drivers make up our computer system. For those not familiar with computer 
systems this may not mean much, but a system made up of these parts offers 
some outstanding advantages to the user, or programmer of the computer. 




Let’s assume you have purchased something other than a SwTPC 6800 
computer system, and are ready to connect it to a teletype or terminal; 
just connect some wires together, right? Wrong! You will probably find 
that you need to purchase an interface plug-in for your computer that is 
compatable with the terminal you plan to use. This will cost you anywhere 
from seventy five to a hundred and twenty five dollars depending upon the 
type interface involved. The SwTPC 6800 computer system includes the 
control interface as part of the basic package, not as an extra cost option. 

Now at last you have connected the terminal to the computer, turned 
the power on and you’re ready to type in your first program, right? Wrong! 
Unless you have a control program stored in memory giving the terminal, 
system control, the terminal will do absolutely nothing. How do you get 
this control program into memory? Well, you can load it from tape, that 
is if you have a tape reader and the patience to enter the tape loader 
routine from the programmer’s console; or if your system does not have a 
tape reader you can load the entire control program from the programmer’s 
console. The problem here is. that such control programs are typically 
500 bytes in length and that’s a lot of data to load from the programmer’s 
console especially when you consider that the entire sequence must be 
repeated every time you power up or its allocated area of memory is ac¬ 
cidentally overwritten by a wayward user program. Another problem is that 
most of the micro-computer manufacturers do not supply a listing of 
such a control program with their systems. Their routines providing ter¬ 
minal control over system operation are built into high level language 
software packages that must he loaded from some kind of tape reader. 

This is unfortunate for the individual who can’t afford a tape reader for 
his system or doesn’t have the memory space required by such packages. 

Besides^this still doesn’t.help the individual who wants to enter his 
program in machine language. His only means of getting a program into 
the computer is by entering it byte^ by byte from the programmer’s console. 

Even if there is a terminal connected to the system, it cannot be used to 
load a program into memory. . , 

The SwTPC 6800 computer system does not have a programmer’s console. 

This is because all information that the machine needs to communicate with a 
terminal at start up is contained in a ROM in pur^system. This component is 
a permanently programmed memory that contains the necessary information to 
configure the machine for use with a terminal. You actually have a mini- 
operating system for system control, in that it is possible to display and 
change data located in memory, to print out or punch a tape (if applicable) 
of selected memory contents, to load a user program from tape (if applicable), 
to display and/or change the contents of the MPU registers, to jump to and 
execute a user written program loaded into memory. In addition to these 
functions, a debug routine is provided for debugging user programs. These 
operating system functions are all initiated and monitored through a serial 
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terminal, either 20 ma TTY current loop or RS-232 at 110 or 300 baud. To¬ 
gether the two provide those functions normally handled through the program¬ 
mer's console as well as many others that are not. All data input and output 
is in convenient hexadecimal (base 16) notation rather than binary. This 
means you can type in a command to load address location AOOO 15 with 9Ei6 
instead of setting twenty four console switches to an address of 1010 0000 0000 
0000 with data of 1001 1110 as must be done with the conventional programmer's 
console. Take note also that since this operating system is stored in ROM, 
it is always at your finger tips and since it has its own RAM memory, it does 
not use any user program memory space. It cannot be accidently over-written 
or lost when powering down and simply depressing the "RESET" switch on the 
front panel will always load the system. When computer control is turned over 
the users program via the operating system, the terminal is totally available 
for user program input/output communication. 

Now you have at last gotten your computer connected to an input device 
and loaded the memory so it will accept instructions from your terminal. Now 
at last you can run programs and enjoy your computer. Well you can provided 
you don'.t have a very long program. Most of the inexpensive computers and 
computer kits now being offered come with only 256 words of memory. This is 
not much. It might be enough to do a few simple problems similar to those you 
can do on a regular pocket calculator, but nothing really elaborate. Program¬ 
ming in machine language is a real pain too if you have very much program¬ 
ming to do. An editor/assembler package greatly simplifies programming but 
unfortunately consumes a great deal of memory ( 8 K words). The solution to 
both of these drawbacks is the same - more memory. We are offering about ten 
times the amount offered in most other low cost computer systems. The SwTPC 
6800 provides you with 2,048 words of memory which we consider a practical 
minimum. If you want more memory it can be easily added since each memory 
card has space for a full 4,096 words. When you want the additional memory 
you simply remove the memory board, solder in the additional integrated 
circuits and reinstall the memory circuit board in the machine. 

We also have a low cost cassette tape data storage system in the works that 
utilizes the operating system features and communicates thru the same control 
interface as does the terminal. It can be used to store user data or programs 
and it is a medium through which we will supply a resident editor and assembler 
to those buying the memory to support them ( 8 K). The editor and assembler are 
great time savers when it comes to writing and modifying programs especially if 
those programs are long. There will also be a floppy disk and disk operating 
system (DOS) available for this unit for those demanding fast data file/program 
access speed and a large data storage capacity. 

So you can see that with our computer you can actually use the system as 
it stands without having to buy a series of expensive interface and memory 
modules. As an added bonus we are planning to offer a user contributed soft¬ 
ware exchange newsletter compiled and distributed by us to our customers at a 
break-even cost providing means through which our users can share their pro¬ 
gramming efforts with the other users while compiling a software library at the 
lowest possible cost. 



So there you have it - the SwTPC 6800. An affordable and also usable 
computer system with no hidden tricks. You get everything that you need to 
operate your own small computer system without additional expense. If you 
have already purchased a Motorola 6800 chip set and would like to use our 
boards, they are available. We are offering the maximum possible flexibility 
to allow you the maximum possible savings in building your system. Check our 
prices on the following page. I think you will agree that you can’t complain 
about deals like these. 





OK - I Like It - What Do I Order? 


First of all, our computer requires a terminal to operate the system. 

The terminal is required for system control and is also used for data input/ 
output after control is transfered to the user program. The terminal must be 
an ASCII terminal, communicating serially via either a 20 ma TTY current loop 
or RS-232 and capable of operating at either 110 baud (10 cps) or 300 baud 
(30 cps). Baudot, or IBM EBCDIC coded terminals will not work. If you do not 
already have a terminal that meets these requirements, our CT-1024 terminal 
system when connected to a modified television or unmodified video monitor 
gives you a terminal ideally suited for this computer system. 

Another thing I would like to make clear is that our computer systems and 
terminal systems are sold in kit form only. We do not offer then in assembled 
form. Our instructions have been written for the individual who has built up 
electronic projects before, knows how to recognize the various components, and 
is experienced at printed circuit board soldering. Although the instructions 
include step-by-step assembly details, schematics, pictorials, wiring diagrams, 
and a theory of operation, they have not been written for the beginner. The 
various modules within each of the kits simply plug together keeping the 
wiring to a minimum. 

We have a very comprehensive documentation package available with the 
computer system, which goes into great detail on both the hardware and soft¬ 
ware for the system. Much of the material is official Motorola written 
literature which is some of the best we’ve seen. Most of it is written on 
the assumption the reader has an understanding of machine language operation/ 
assembler programming so if you’re not up to par here you might want to get 
ahead and patronize your local library to read some books on computer operation 
at the machine language level. 

For those that do not have a terminal and wish to purchase our CT-1024 kit, 
the following items are recommended. Note that we do not supply a chassis or 
cover for this unit and it must be used in conjunction with a modified tele¬ 
vision set (instructions supplied) or an unmodified video monitor. 

CT-1024 TERMINAL SYSTEM KIT 
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EA. 

CT-1024 

Terminal System Kit 

1 

EA. 

KBD-3 

Keyboard Kit 

1 

EA. 

CT-P 

Power Supply Kit 

1 

EA. 

CT-S 

Serial Interface Kit 

1 

EA. 

CT-CA 

Computer Controlled Cursor 




Kit 

TOTAL 

COST - 

All above listed kits 


$175. 
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39. 
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The following is a detailed description of each of the items presently 
available for the SwTPC 6800 Computer System. 



MP-“A Microprocessor/System Board 


The MP-A board is the primary logic board for the system. It is a 5 1/2" 

X 9" double sided plated thru hole circuit board containing the 6800 micro¬ 
processor chip, the 6830 ROM which stores the Mini-Operating system and the 6810 
128 byte scratch pad memory for the ROM. There is a crystal controlled processor 
clock driver and baud rate generator providing serial interface baud rates of 110, 
150, 300, 600 and 1200 baud for all but the control interface which is operable 
at 110 or 300 baud. The board also contains a power up/manual reset circuit which 
loads the ROM stored operating system when activated. Full I/O buffering is 
provided for the 16 address lines and 8 bi-directional data lines with these and 
other inter-connections made to the rest of the system thru a fifty pin con¬ 
nector to the mother board (MP-B). +5 volt power for the board is supplied by an 

on board +5 volt regulator with heatsink at a total current consumption of 0.8 A 
typical. 

The 6800 Microprocessor chip itself is a 40 pin eight bit parallel processor 
with sixteen memory/peripheral address lines and an eight bit bi-directional data 
bus. There is a full compliment of 72 basic instructions with five possible ad¬ 
dressing modes (direct, relative, immediate, indexed and extended). There are 
six internal registers (program counter, stack pointer, index register, accumulator 
A, accumulator B and condition code register). Since the pushdown stack is located 
within user memory, it is easily accessable and space limited only by the pro¬ 
grammer and the amount of RAM memory available. The processor has both maskable 
and non-maskable interrupts which are executed as jumps to specific memory lo¬ 
cations. Restart is also executed as a jump, but in this system the restart jump 
transfers system control over to terminal control via the mini-operating system 
ROM. The ROM itself gives the user the ability to: 

1. load user programs or data into memory from either the keyboard or 
tape (where applicable) 

2. execute user programs 

3. list user programs or data within specified memory locations on the 
terminal or tape (where applicable) 

4. print the data contents within the internal CPU registers 

5. change the data in specified memory locations or the CPU registers 


MP-M Memory Board 


The MP-M Memory Board is a 5 1/2" x 9" double sided plated thru hole board 
with a total storage capability of 4,096 words of 8 bit random access memory. The 





kit, however, is supplied with only half (2,048 words) of it memory capacity. To 
bring the board to maximuai capacity, you must purchase the MP-MX memory expansion 
kit. The circuitry on the board provides all of the address decoding and data line 
buffering to handle a total of 32 (IK bit x 1 bit) 2102 type static random 
access memories. All interconnections to the system are made via a 50 pin con¬ 
nector to the Mother Board (MP-B). 4-5 volt power for the board is supplied by a 

on board regulator with heatsink for each 2,048 words of memory. Current consump¬ 
tion is approximately 0.75 A for every 2,048 words of memory. 


MP-MX Memory Expansion Kit 


The MP-MX Memory Expansion kit contains 16 2102 type static random access 
memories plus the 5V voltage regulator necessary to expand the MP-MX Memory Board 
to a full 4,096 words. 


MP-B Mother Board 


The MP-B mother board is a 9” x 14" double sided plated thru hole board 
onto which all of the various processor boards are plugged. Provisions have 
been made for one MP-A Microprocessor/System board, up to four MP-M 4,096 word 
1(^**%nemory boards plus two unused slots. This gives the user the ability to handle up 
to 16,384 words of memory. For those demanding even more memory, the 50 line buss 
may be paralleled onto another MP-B Mother Board with power supply expanding the 
system to a maximum of 32,768 words of random access memory. 

The mother board also provides the line buffering and address decoding for 
up to eight interface boards. Although one of the eight must be the control inter¬ 
face (serial), MP-C, the other seven may be any combination of serial (MP-S) and 
parallel (MP-L) interfaces the user may choose to have. For those demanding even 
more interfaces the 50 line processor buss may be paralleled onto another MP-B 
Mother Board with power supply expanding the interfacing to one control interface 
(serial), MP-C, plus any combination of up to fifteen serial (MP-S) and parallel 
(MP-L) interfaces. 


MP-C Control Interface (Serial) 



The MP-C Control Interface is a 5 1/4" x 3 1/2" double sided, plated thru 
hole board which is meant to interface a serial terminal to the Microprocessor 
System for both system control and when selected, user program input/output. It 
may be jumper configured to operate serially at either 110 baud (10 characters/ 
second) or 300 baud (30 characters/second) with an upper case ASCII terminal 
RS-232C or 20 ma TTY compatable. Baudot coded teletypes are not compatable with 



this interface, they must be ASCII coded. Our CT~1024 terminal system kit, how¬ 
ever, is compatable. All terminal input/output data is made thru a ten pin con¬ 
nector installed along the top edge of the board. Power for the board is supplied 
by a +5V voltage regulator and has a current consumption of approximately 0.2A. 


M P-P Power Supply 


The MP-P Power Supply is the supply designed to power the Mother Board (MP-B) 
and its complement of plug-on boards including the MP-A Microprocessor/System 
Board, up to four MP-M full 4,096 word memory boards and eight interface boards. It 
includes the power transformer, bridge rectifier, filter capacitor and power inter¬ 
connect board. The Power Interconnect Board is a 3 1/2** square circuit board sup¬ 
porting the protection fuses, + 12 volt rectifier with filter, and the MP-B Mother 
Board and front panel wiring connectors. These connectors greatly aid in inter¬ 
connecting and servicing the unit. 


MP-F Chassis and Cover 


The MP-F includes a 15 1/8** wide x 7** high x 15 1/4** deep chassis with 
^orated cover all done in black anodized aluminum with silver trim. The front 
1 contains the power ON/OFF switch, power indicator and reset switch. The 
sis houses the Mother Board (MP-B) along with its complement of boards, the 
power transformer, bridge rectifier, filter capacitor and power interconnect 
board (MP-P). 


MP-D Documentation Package 


The MP-D Documentation package is loose-leaf notebook containing comprehensive 
information on 6800 system hardware and software. Much of the material is official 
Motorola documentation so you can be sure of getting the most accurate and in¬ 
formative information available. In addition the package includes the Motorola 
written 6800 Microprocessor Programming Manual which give the complete assembler/ 
machine language instruction set as well as various programming examples. 


MP-S Serial Interface 


The MP-S Serial Interface is a 5 1/4** x 3 1/2** double sided, plated thru 
hole board which interfaces a serial device to the Microprocessor system. It may 
be jumper configured to operate serially at 110, 150, 300, 600, or 1200 baud and is 
RS 232C and 20 ma TTY compatable. Baudot coded teletypes are not compatable with 





this interface. Complete interrupt control of the interface is under software 
control thru the user’s program. All data input/output is made thru a ten pin 
connector installed along the top edge of the board. Power for the board is 
supplied by a +5V voltage regulator and has a current consumption of approximately 


0.2 A. 


MP-L Parallel Interface Board 


The MP-L Parallel Interface is a 5 1/4" x 3 1/2" double sided, plated thru 
hole board implemented with the 6820 peripherial interface adaptor integrated cir¬ 
cuit which is used to interface a parallel data device to the computer. The board 
is provided with two separate connectors along the top edge of the board. One has 
8 fully buffered high current data outputs along with one buffered "data ready" 
output line and one "data accepted" input line for complete handshake control. The 
other has 8 fully buffered data inputs along with one "data ready" input line and 
one buffered "data accepted" output line for complete handshake control. The in¬ 
terface is completely software programmable by the user with interrupt control as 
well as polarity control of the handshake lines. For the user who has specialized 
I/O requirements, the data buffers may be removed from the board and each of the 16 
data I/O lines may be individually programed for either input or output thru soft¬ 
ware in the user’s program. Power for the board is supplied by a +5V voltage re¬ 
gulator and has a current consumption of approximately 0.3 A. 


MP-E Editor/Assembler Package The MP-E 


The MP-E Editor/Assembler Package allows the user to considerably reduce 
the amount of time involved in writing programs. The editor allows one to compose 
or modify a program while easily making statement insertions, deletions, and 
modifications. The assembler allows the program to be written using easy to re¬ 
member mnemonic phrases like ADD (add), LDA (load accumulator), BRA (branch always) 
instead of their hexadecimal equivalent. It also allows the use of 1 to 6 charac¬ 
ter alphanumeric labels which eliminate the need for all of those calculations 
when using relative addressing. The editor and assembler are meant to be loaded 
into the system via cassette or paper tape. We will have the editor/assembler 
package as well as a low cost cassette tape interface available for our com¬ 
puter in early 1976. The editor/assembler will be sold for essentially the 
cost of the tape and the documentation. We will however sell it only to those 
people who are ordering the MP-M plus MP-MX memory options at the same time 
since the editor/assembler package requires as least 8,192 words of memory to 
function. 



6800 Computer System 


We realize that you may have questions, or not understand exactly how 

our 6800 Computer System works and why it is different from other systems 

being offered. We will try to answer some of the more common questions. 

If you have others please write and we will try to explain. 

QUESTION - The 6800 system doesn't have any console switches on the 
front panel to enter data. How do I use it? 

ANSWER - The 6800 system loads the initial data needed at "start up" 
automatically from an internal ROM. Instead of spending 
several minutes entering a "loader" program each time you 
use the machine, this is done for you automatically when 
power is turned on. System control is turned over to the 
control interface at this point and you are ready to enter 
information, or work with the machine from any 20 mA. 

Teletype, or video terminal. 

QUESTION - What type terminal do I use? 

ANSWER - Any terminal that outputs ASCII coded data may be used. 

The ASR-33 series Teletypes, or any video terminal using 
a serial interface will in general work with the 6800. 

Our CT-1024 terminal system is a good low cost terminal. 

You cannot use terminals having the old five level Baudot 
code, or terminals having the "IBM Corp." EBCDIC code. 

• 

QUESTION - Why is this method of data entry used on the 6800 system? 

ANSWER - Because the 6800 system was designed to be convenient and 

easy to use. Entering programs in binary form with console 
switches may be educational, but it is certainly not convenient. 
With the 6800 system addresses are entered in "Hexidecimal" 
form, which is far simpler and less confusing. The data is 
also on the screen where it may be inspected and changed if 
desired. You don"t have to write down each line of data 
from a row of lamps, or LED readouts to keep track of things. 

QUESTION - What will I need besides an input/output (10) device. To 
use the 6800 computer system. 

ANSWER - Nothing - you will not be in for any nasty little surprises. 

The 6800 kit is complete with 2,048 words (BYTES) of memory 
a serial interface and diagnostic program information to help 
you test the completed computer. You will not find that you 
must purchase additional memory or other plug-in units to make 
the system useful and practical to use. 

QUESTION - What about software and permanent storage. 

ANSWER - In addition to our test programs, a resident editor and 
assembler is available for the 6800 system. The editor 
and assembler requires 8K of memory and is available to 
anyone purchasing the memory necessary to use the program. 
Cassette tape, or paper tape inputs are usable with this 
system. 
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QUESTION - What if I want additional memory, or more interfaces? The 
basic kit price is reasonable, but will I pay an arm and a 
leg for additional equipment? 

ANSWER - Additional memory is $125.00 for the 4K kit. Additional 

interfaces are $35.00 per interface kit - serial, or parallel. 
We wouldn't call this more than a thumb and a finger. 

QUESTION - I have already purchased a Motorola 6800 chip set and manual. 
Will you sell me just the boards to build up a system. 

ANSWER - Sure thing. We will sell you almost any part of this system 
as a separate item. See our price sheet - you can have just 
the boards, just the power supply, just the cabinet, or any 
individual board kit you want. 

QUESTION - Will I be able to get additional programs and more elaborate 
equipment if I want to expand my system. 

ANSWER - Since our computer uses the standard Motorola 6800 parts set 
and ROM, any software developed for this set of parts will 
run on your system. We will also offer a newsletter at cost 
to users so that information and tips can be exchanged. 

There are already companies offering diskette, or floppy 
disk systems complete with operating system software. We 
will be either offering these, or will supply information 
t:o interested users of the 6800 system. 

QUESTION - When can I expect to get delivery. 

ANSWER - Our present schedule calls for shipment of the first kits in 
November 1975. Orders will be filled in the order they are 
received. 
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Feature Comparison 


* 



SwTPC 6800 

HITS- Altair 8800 

Basic Kit - Price 

$450.00 

$439.00 

Memory - Basic kit 

2,048 Words - Static 

none 

Interface - Basic kit 

Serial Control Interface 

none 

Loader Program 

Automatic - Internal ROM 

Manual - Console Switches 

Operating System for 

Terminal and Memory Debug 

Automatic - Internal ROM 

Manual - Console Switches 

Processor Type 

Motorola MC6800 

Intel 8080 

Additional Memory 

2,048 Words Static $50.00 
4,096 Words Static $125.00 

2,048 Words Static $145.00 
4,096 Words Dynamic $264.0 

Interfaces 

Serial, or Parallel $35.00 
Serial usable with RS232 
or 20 Ma. TTY 

Parallel $92.00 
Serial TTY $124.00 
Serial RS232 $119.00 

Card Capacity in standard 
cabinet with power supply 
provided 

7 Processor and Memory 

8 Interface cards 

16 Processor, Memory or 
Interface cards 

Editor and Assembler 

Software 

Yes 

Yes 

Software Licence or 
copying restrictions 

No j 

Yes 

Disk Operating System 

Available 

Available 


* Data compiled as of September 1975 






Southwest Technical Products Corporation 
6800 Computer System Price List 


MP-68 Complete 6800 computer system kit. Consisting of kits. MP-A 
MP-B, MP-C, MP-D, MP-F, MP-M and MP-P listed below. 

$450.00 

MP-A Microprocessor system board kit - with MC6800 microprocessor 
MCM6830 read only memory, MCM6810 random access memory, clock 
oscillator, clock driver and data bus buffers. 

$ 200.00 

MP-B Mother Board - with interface address decoders $ 40.00 

MP-C Control Interface (serial) for TTY current loop, or 

RS232 terminal interface. $ 40.00 

MP-D System documentation, test programs plus copy of Motorola 
Programming Manual for M6800 

$ 35.00 

Chassis'-and cover - aluminum with black finish $ 30.00 

Memory board with 2,048 words of static memory devices. 
Expandable to 4,096 words with MP-MX kit below $ 80.00 

2,048 words of static memory devices and regulator. $ 45.00 

Power Supply - 7.0 Volts DC filtered unregulated, - 12 Volts 
DC filtered unregulated. Powers complete set of memory boards 
and as many as eight interfaces 

$ 35.00 


MP-S Serial Interface - using MC6820 ACIA $ 35.00 

MP-L Parallel Interface - using MC6820 PIA $ 35.00 

Circuit Boards ~ 

-Ab Processor circuit board - $14.50 

-Mb Memory circuit board - $14.50 

-Bb Mother board - $30.00 

-Cb, MP-Sb, or MP-Lb - Interface circuit boards $ 9.50 

Connector set - Male and matching Female connectors 

for processor or memory boards $ 2.50 

Connector set - Male and matching Female connectors 

for interface circuit boards. $ 2.00 

(specify serial or parallel type) 


* All boards are fibreglass G-10/FR4 with plated through holes. 


MP-F'* 

MP-M 

L 

MP-MX 

MP-P 




Introduction 



SwTPC 6800 System Documentation Notebook - Introduction 

The SwTPC microprocessor computer system is a complex and sophisticated 
piece of equipment. This manual assumes that you have a basic knowledge of digital 
computer operation and some knowledge of, or experience with, machine language and 
assembler programming. We realize that many customers will not have this type 
background. It would be impossible to provide a complete course in computer 
design and programming with this kit. Instead of this one manual we would pro¬ 
bably have a ten volume set if we attempted to provide this background information. 
If you are a beginner in computer technology, we suggest that you check with your 
local library, or bookstore for books on basic computer operation and programming. 
The Howard Sams.Co. offers several books on computers and BYTE Magazine is another 
source of good material on computers. You may find that is is necessary to go 
over some of the material in this manual several times before it starts to make 
sense. This should not discourage you. By experimenting with programs and check- 
ing the results you should be able to work out an understanding' of any of the 
material in this manual. Once you have mastered assembler and machine language 
programming, you will have an excellent basic understanding of computer operation. 
Although the instruction sets vary, all computers are similar at this level, all 
the way up to IBM 370’s. 

We are supplying a copy of the Motorola ”M6800 Microprocessor Program¬ 
ming Manual” as part of the documentation in this kit. This material should be 
of great help in understanding how to program this system. Parts of the book 
are written for systems that use the 6800 microprocessor family in dedicated 
applications; such as process control, etc. These chapters (7, 8 and 9) do not 
apply to systems such as this kit and should be ignored. Information in chapter 
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5, as well as appendices A, B and parts of C apply to the SwTPC 6800 computer 


system. , 

We suggest,that you start your reading in this System Documentation 
Notebook in the order in which the material is presented making references to 
specific sections of the "M6800 Mcroprocessor:Programming Manual” when suggested. 
The introduction of each section within the notebook specifies the order in which 
the material within the section should be read for best understanding. 

A large part of the material.in this manual is reprinted from^various 
portions of Motorola Semiconductor Products Inc. M6800 dpcumentation. We would 
like to,thank Motorola for allowing us to.supply this material to our customers. 

The notebook is divided into five major sections* 

* .Section I • - -Hardware , \ 

Section II - Programming 

Section III - Operating System . ; * - 

Section IV ~ Software 

Section V - .Appendix 
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6800 Hardware. - Introduction 


The hardware section of this manual gives a detailed description of 
the various elements contained within the 6800 family of integrated circuits. 
Although there are many other components on each of the boards within the SWTPC 
6800 Computer System, their purpose is.to provide the clocks, buffering and 
address decoding for the 6800 parts described in this section. In order to 
be able to program the system, some knowledge of the hardware involved; especial¬ 
ly the architecture of the microprocessor chip^is absolutely essential. One 
must have a through understanding of the operation and use of the various internal 
registers and the system’s response to the various interrupts. Familarity with 
both the binary and hexadecimal number system is absolutely essential. 

Pages MPU-1 thru MPU-19 describe the architecture as well as the 
various data and control lines of the 6800 microprocessor element. The des¬ 
criptions given for the various data and control lines on pages MPU-8 thru MPU-11 
need not be read since the material may be confusing and is not* related to pro¬ 
gramming the system. 

Pages MPU-20 thru MPU-30 describe the relations and conversion bet¬ 
ween decimal (base 10), binary (base 2), octal (base 8) and hexidecimal (base 16) 
number systems. This section is extremely important and if not understood must 
be supplemented with additional material. The programmer must have a firm 
background in especially the binary and hexadecimal number systems before any 
programming can be done. Even the mini-operating system described in Engineering 
Note 100 within this notebook looks for all address and data entry in hexadecimal 
notation. An understanding of the binary representation is important since all 
data contained within the system’s internal registers is stored in binary form. 
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Pages PIA-1 thru PIA-14 discuss the data and control lines on, and 


registers within the 6820 peripheral interface adaptor integrated circuit used 
on the MP-C serial, control interface and MP-L parallel interface boards. It 
is not necessary to be familar with this section to use the MP-C serial, control 
interface board supplied with the MP-68 system, however, it is recommended reading 
when using the MP-L parallel interface option. 

Pages ACIA-1 thru ACIi^.-9 discuss the data and control lines on, and 
registers within the 6850 asynchronous communications adaptor integrated cir¬ 
cuit used on the MP-S Serial interface board. This section is recommended 
reading only when using the MP-S serial interface option. 

The "Motorola M6800 Systems Reference and Data Sheets" booklet and 
a data sheet on the MC14411 bit rate generator have been included as additional 
information on the major elements within SWTPC 6800 Computer System. Much of 
the material contained within the booklet has already been talked about in the 
preceedihg sections, however, it is suggested reading which may help clear up 
any misunderstandings you may have about elements within the system. 

Chapter 3 of the "Motorola 6800 Programming Manual" is also recom¬ 
mended as supplemental material before proceeding to the Programming section 
of this notebook. 
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INTRODUCTION 

The Motorola M6800 Microcomputer System, of standard LSI 
(Large Scale Integration) devices permits tlie systems designer 
to configure and connect a total system with a minimum amount of 
time and effort. The MC6800 Microprocessing Unit (MPU) forms 
the nucleus of the system. LSI modules available which may be 
used to configure a total system in conjunction with the MC6800 
MPU, include: 1) MC6810 Random Access Memory (RAM); 2) MC6830 
Read Only Memory (ROM); 3) MC6820 Peripheral Interface Adapter 
(PIA), and 4) MC6850 Asynchronous Communications Interface 
Adapter (ACIA). 

The MPU communicates with the rest of the system via a 16 
bit address bus and an 8 bit data bus. The 16 bit address bus 
provides the MPU the capability of addressing up to 64K. The 8 
bit data bus is bi-directional in that data is transferred both 
into the MPU or out of the MPU over the same bus. A rqad/write 
(R/W) line is provided to allow the MPU to control the direction 
of data transfer. Since the same bus is used for both data into 
the MPU or out of the MPU, a separate 8 line bus is saved. 

Other features of the M6800 system include a single +5 volt 
supply, operation at clock rates from 100 kilohertz to 1 megahertz, 
plus hardware and software interrupt capability. 
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Microprocessing Unit (MC6800) 

The nucleus of the M6800 Microcomputer Family is the 
microprocessing unit (MPU). The MPU is enclosed in a 40 pin 
package as shown below: 



Features included in the MPU are: 

1. Two accumulators (ACCA and ACCB) 

2. One index register (X) 

3. One program counter register (PC) 

4. One stack pointer register (SP) 
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5. One condition code register (CC) 

6. 72 instructions 

7. Five addressing modes 

8. System clock range of 100 kilohertz to 1 megahertz 

9. Program interrupt capability 

Accumulators 

The MPU contains 2 accumulators designated ACCA and ACCB. 
Each accumulator is 8 bits (one byte)long and is used to hold 
operands and data from the arithmetic logic unit. Instructions 
which involve one or both accumulators are: 

/ 

ABA - Add accumulator A to accumulator B 

ADC - Add with carry 

ADD - Add without carry 

AND - Logical AND 

ASL - Arithmetic shift left 

ASR - Arithmetic shift right 

BIT - Bit test 

CBA - Compare accumulators 

CLR - Clear 

CMP - Compare 

COM - Complement 

DAA - Decimal adjust ACCA 

DEC - Decrement 

EOR - Exclusive OR 
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INC - Increment 

LDA - Load accumulator 

LSR - Logical shift right 

NEA - Negate 

ORA - Inclusive OR 

PSH - Push data onto stack 

PUL - Pull data from stack 

ROL - Rotate left 

ROR - Rotate right 

RTI - Return from interrupt 

SBA - Subtract accumulators 

SBC - Subtract with carry 

STA - Store accumulator 

SUB - Subtract 

SWI - Software interrupt 

TAB - Transfer from accumulator A to accumulator B 

TAP - Transfer from accumulator A to processor condition 

codes register 

TBA - Transfer from accumulator B to accumulator A 
TPA - Transfer from processor condition codes register to 
accumulator A 


TST - Test 

WAI - Wait for interrupt 


Index Register 

The index register (X) is a 16 bit (2 byte) register which 
is primarily used to store a memory address in the Indexed mode 
of memory addressing. The index register may be decremented, 
incremented and stored. Instructions which involve the index 


register are: 
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CPX - Compare index register 
DEX - Decrement index register 
INX - Increment index register 
LDX - Load index register 
RTI - Return from interrupt 
STX - Store index register 
SWI - Software interrupt 

TSX - Transfer stack pointer to index register 
TXS - Transfer index register to stack pointer 
WAI - Wait for interrupt 
Program Counter 

The program counter (PC) is a 16 bit register that contains 
the address of the next byte to be fetched from memory. When 
the current value of the program counter is placed on^the address 
buss, the program counter will be incremented automatically. 


Stack Pointer 


The Stack Pointer (SP) is a 16 bit (2 byte) register that 
contains a beginning address, normally in RAM, where the status 
of the MPU registers may be stored when the MPU has other 
functions to perform, such as during an interrupt or during a 
Branch to Subroutine (BTS). The address in the stack pointer is 
the starting address of sequential memory locations in RAM where 
MPU status registers will be stored. The status of the MPU will 
be stored in the RAM as follows: 

Stack Pointer Address 
Stack Pointer Address-1 
Stack Pointer Address-2 

Stack Pointer Address-3 
Stack Pointer Address-4 


contents of PCL 
contents of PCH 
contents of IXL 
contents of IXH 
contents of ACCA 
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Stack Pointer Address-5 : Contents of ACCB 
Stack Pointer Address-6 : Contents of CC 

After the status of each register is stored on the stack, 
the Stack Pointer will be decremented. When the stack is un¬ 
loaded (status of registers restored), the status of the last 
register on the stack will be the first register that is restored. 

Condition Code Register (CC) 

The condition code register is an 8 bit register. Each 
individual bit may get set or get cleared from execution of an 
instruction. To see how each instruction effects the condition 
code register, refer to the M6800 programming manual. The primary 
use of this register is execution of the conditional branch instruc¬ 
tion. Bit 6 and 7 are not used and remain at logic "1." 


CONDITION CODE REGISTER 
7 6543 2 10 


1 1 

H 


M 

E 

V 

m 


BIT NO. FUNCTION 


0 

1 

2 

3 

4 

5 


C (Carry-Borrow Test) 

V (Overflow Test) 

Z (Zero Test) 

N (Negative Test) 

I (Interrupt Mask Test) 
H (Half Carry Test) 


•>< 

Carry-Borrow: For addition, the earry-borrow condition code (C) 

in the zero bit ^position, represents a carry. 

This bit^ets set (C=l) to indicate a carry, and 
is reset (C=0) if there is no carry. 


For subtraction, the C bit is set (C=l) to indicate 
a borrow and is reset (C=0) to indicate there was 
no borrow. 


Overflow : The V bit (bit 1) of the condition code register 

is set (V=l) when two's complement overflow results 
from an arithmetic operation, and is reset (V=0) 
if two's complement overflow does not occur. 




The Z bit (bit 2) of the condition code register 
is set (Z=l) if the result of an arithmetic 
operation is zero, and is reset (Z=0) if the 
result is not zero. 

The N bit (bit 3) of the condition code register 
is set (N"l) if bit 7 of an arithmetic operation 
is set (equal to 1). This indicates that the 
two's complement number, represented by the bit 
pattern of the result, is negative. The N bit 
is reset (N=0) if bit 7 of the arithmetic result 
is equal to 0. 

Mask ; If this I bit (bit 4) is set (1=1), the MPU 

cannot respond to an interrupt request from any 
peripheral device. 


The half carry bit H (bit 5) of the condition 
code register is set (H=l) during execution of 
any of the instructions ABA,ADC, or ADD, if there 
is a carry from bit position 3 to bit position 4. 
The half carry is reset (H=0) during these 
operations, if there is no carry from bit position 
4. 
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MPU Signal Descriptions 


1. READ/WRITE (R/W ): This output line is used to signal all 

devices external to the MPU that the MPU 
is in a read state (R/W=High) or a write 
state (R/W=Low). The normal standby state 
of this line when no external devices are 
being accessed is a high state. This line 
is three-state. When three-state goes 
high, this line enters the high impedance 
mode. 


2. VALID MEMORY ADDRESS : This output line, (when in the high state) 
(VMA): tells all devices external to the MPU 

that there is a valid address in the 
address bus. For RAM's and ROM's, this 
line should be ANDed with (j)2 clock and 
used as one of the enables. For PIA's, 
this line should be ANDed with one of the 
PIA address lines. This signal is not 
three-state. 


3. DATA BUS ENABLE(DBE) : This signal will enable the data bus drives 

when in the high state. This input is 
normally the phase 2 ((1)2) clock. During 
the high state, it will permit data to be 
output during a write cycle. During an 
MPU read cycle, the data bus drivjes will 
be disabled internally. 


4. 


f 


'j 


INTERRUPT REQUEST(IRQ ): This input from the PIA's requests that 

an interrupt sequence be generated within 
the machine. The processor will wait un¬ 
til it completes the current instruction 
that is being executed before it recog¬ 
nizes the request. At that time, if the 
interrupt mask bit in the Condition Code 
Register is not set (interrupt masked), 
the machine will begin an interrupt se¬ 
quence. The Index Register, Program 
Counter, Accumulators, and Condition Code 
Register are stored away on the stack. 

Next the MPU will respond to the interrupt 
request by setting the interrupt mask bit 
high so that no further interrupts may 
occur. At the end of the cycle, a 16-bit 
address will be loaded that points to a 
vectoring address which is^located in 
memory locations^-6 and^n-^ where n is 
the highest ROM address. An address loaded 
^ at these locations causes the MPU to 

" ^ 0 ®° branch to an interrupt routine in memory. 
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5. Phase One (0 !)& Phase (02)C?.ocks : These two pins are used 

for a two phase non-overlapping clock 
that runs at the voltage level. 

These clocks run at a rate up to 1 
megahertz. 


6 . 


Restart (RES) ; 







RESTART (RES)--This input is used to 
start the MPU from a power down 
condition, resulting from a power 
failure or an initial start-up of 
the processor. If a positive edge is 
detected on the input, this will 
signal the MPU to begin the restart 
sequence. This will restart the MPU 
and start execution of a routine to 
initialize the processor. All the 
higher order address lines will be 
forced high. For the restart, the 
last 2 memory locations in the last 
ROM (n&n-l) will be accessed, 
whereby an address is stored which 
. is the address to be loaded in the 
program counter which tells the 
processor where program execution is 
to begin. 


7. NON-MASKABLE INTERRUPT(NMI) : This*input requests that a non¬ 
mask-interrupt sequence be generated 
within the processor. As with the 
Interrupt Request signal, the pro¬ 
cessor will complete the current 
instruction that is being executed 
before it recognizes the NMI signal. 
The interrupt mask bit in the Con¬ 
dition Code Register has no effect 
on NMI. 

The Index Register, Program Counter, 
Accumulators, and Condition Code 
Register are stored away on the stack. 
At the end of the cycle, a 16-bit 
address will be loaded that points 
to a vectoring address which is loca¬ 
ted in memory locations n-2 and n-3. 
An address loaded at these locations 
causes the MPU to branch to an non¬ 
maskable interrupt routine in memory. 




ftt 






O' 

V 












8. Go/Halt(G/H) ; 


When this input is in the high state, 
the machine will fetch the instruction 
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addressed by the program counter and start 
execution. When low all activity in the 
machine will be halted. This input is 
level sensitive. In the halt mode, the 
machine will stop at the end of an instruc¬ 
tion. Bus Available will be at a logic 
''1'' level. Valid Memory Address will be 
at a logic "0” and all other three-state 
lines will be in the three-state mode. 

The halt line must go low with the leading 
edge of phase one to insure single instruc¬ 
tion operation. If the halt line does not 
go low with the leading edge of phase one, 
one or two instruction operations may re¬ 
sult, depending on when the halt line 
goes low relative to the phasing of the 
clock. 

9. BUS AVAILABLE (BA) : The Bus Available signal will normally be 

in the low state. When activated, it 
will go to the high state indicating that 
the MPU has stopped and that the address 
bus is available. This will occur if the 
GO/HALT line is in the Halt (low) mode 
or the MPU is in a "Wait" state as the 
result of some instruction, such as the 
WAI instruction. 

10. THREE-STATE CONTROL : This input causes all of the address lines 

(TSC) and the Read/Write line to go into the 

off or high impedance state. The Valid 
Memory address and Bus Available signals 
will be forced low. The data bus is not 
affected by TSC and has its own enable 
(Data Bus Enable). In DMA applications, 
the Three-State Control line should be 
brought high on the leading edge of the 
Phase One Clock. The <j)l clock must be 
held in the high state for this function 
to operate properly. The address bus 
will then be available for other devices 
to directly address memory. Since the 
MPU is a dynamic device, it must be re¬ 
freshed periodically or destruction of 
data will occur. 

11. ADDRESS BUS (A0/A15 ):Sixteen pins are used for the address 

bus. The outputs are three-state bus 
drivers capable of driving one standard 
TTL load and 130pf at 1 Megahertz. 
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When the output is turned off, it is 
essentially an open circuit. This 
permits the MPU to be used in DMA 
applications. 


12. DATA BUS (D0/D7) : Eight pins are used for the data bus. It 

is bi-directional, transferring data to 
and from the memory and peripheral devices. 
It also has three-state output buffers 
capable of driving one standard TTL load 
and 130pf at 1 Megahertz. 




MPU-12 


Microprocessor Instruction Set--Alphabetic Sequence 


ABA 

Add Accumulators 

INS 

Increment Stack Pointer 

AJ>C 

ADD 

Add with Carry 

Add 

INX 

Increment Index Register 

AND 

Logical And 

JMP 

Jump 

/ SL 

Arithmetic Shift Left 

JSR 

Jump to Subroutine 

/ GR 

Arithmetic Shift Right 

LDA 

LDS 

Load Accumulator 

Load Stack Pointer 

'C 

Branch if Carry Clear 

LDX 

Load Index Register 


Branch if Carry Set 

Branch if Equal to Zero 

LSR 

Logical Shift Right 

B E 

Branch if Greater or Equal Zero 

NEG 

Negate 

b-'.T 

PNII 

Branch if Greater than Zero 
Branch if Higher 

NOP 

No Operation 

BIT 

Bit Test 

ORA 

Inclusive OR Accumulator 

B- E 

Branch if Less or Equal 

PSH 

Push Data 

bLS 

Branch if Lower of Same 

PUL 

Pull Data 

• I.T 

Branch if Less than Zero 

ROL 

Rotate Left 

BI 

Branch if Minus 

ROR 

Rotate Right 

NE 

Branch if Not Equal to Zero 

RTI 

Return from Interrupt 

API 

ri.A 

Branch if Plus 

Branch Always 

RTS 

Return from Subroutine 


Branch to Subroutine 

SBA 

Subtract Accumulators 

. 'C 

Branch if Overflow Clear 

SBC 

Subtract with Carry 

:p s 

Branch if Overflow Set 

SEC 

SEI 

Set Carry 

Set Interrupt Mask 

t 'A 

Compare Accumulators 

SEV 

Set Overflow 

t i. C 

Clear Carry 

STA 

Store Accumulator 

CT I 

Clear Interrupt Mask 

STS 

Store Stack Register 

( ■ R 

Clear 

STX 

Store Index Register 

V 

Clear Overflow 

SUB 

Subtract 

(. p 

! M 

Compare 

Complement 

SWI 

Software Interrupt 

1 ■ K 

Compare Index Register 

TAB 

TAP 

Transfer Accumulators 
Transfer Accumulators to 
Condition Code Reg. 

1 ^ 

Decimal Adjust 

TBA 

Transfer Accumulators 

I 

Decrement 

TPA 

Transfer Condition Code 
Reg. to Accumulator 

] ES 

Decrement Stack Pointer 

TST 

Test 

^ X 

Decrement Index Register 

TSX 

Transfer Stack Pointer 
to Index Register 

] ■ R 

Exclusive OR 

TXS 

Transfer Index Register 
to Stack Pointer 

- 

1 

Increment 

WAI 

Wait for Interrupt 
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Hardware Interrupts 


What happens when the MPU gets a hardware interrupt? After 
it has been determined that the interrupt is not non-maskablejthe 
MPU checks the status of the mask bit (bit 4 of the condition 
code register). If the mask bit is set, the main program 
continues until a CLI (clears bit 4 of condition code register) 
instruction is executed, after which time the MPU will honor 
an interrupt by going to the stack pointer (SP) register and 
fetch an address which will be the 1st address in RAM where the 
status of the MPU registers will be stored during servicing of 
the interrupt. 


SP 

contents of 

SP-1 

contents of 

SP-2 

contents of 

SP-3 

contents of 

SP-4 

contents of 

SP-5 

contents of 

SP-6 

contents of 


program counter low 
program counter high 
index register low 
index register high 
accumulator A 
accumulator B 
condition code register 


The address in the stack pointer register is determined by 
the programmer. Hv4'?>v)G. ^ • 

After the contents of the MPU registers have been'stored in 
the stack, the mask bit is set thus preventing any fiitther in¬ 
terrupts from interfering with the MPU until the progtam executes 
a CLI instruction. Next the MPU hardware automatically looks 
at addresses FFF8 (ms) & F|i’F9 (LS) for the address of the poling 
routine to find ^ut where the interrupt came from and what action 
to take. ; 

After the interrupt has been serviced and fn RTI ins tructio n 
executed, the stack, which contains the status"~bT~'CH^registers 
before the interrupt, is unloaded in reverse order, i.e. the 
condition code register is loaded first, then accumulator B is 
restored, etc. When the registers have been restored to their 
status before the interrupt, the processor continues as though 
nothing happened. 

The total story of interrupts is shown on the next two pages 
in the form of flow charts. 
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INTERRUPT FLOW CHART 





SP-6 CONDITION CODE 

SP-5 ACCUMULATOR B _ 

SP-4 ACCUMULATOR A _ 

SP-3 INDEX REGISTER (MS) 
SP-2 INDEX REGISTER (LS) 

SP-1 PROGRAM COUNTER (MS) 
SP PROGRAM COUNTER (LS) 
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INTERRUPT 

PROGRAM 
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SUMMARY OF MPU OPERATION 

The MPU requires a two phase symmetrical, TTL compatible, non¬ 
overlapping clock. During the first phase of the clock (0^^ high) 
an address will be placed on the address bus by the MPU. During the 
second phase of the clock (02 high), the bidirectional data bus will 
be active. The first byte of an instruction enters the MPU and is 
transferred into an internal instruction register and decoded by the 
MPU. The MPU will then contain the information needed to read in an 
additional one or two bytes of program is necessary. Once the entire 
instruction is read into the MPU (one, two or three bytes) the instruc¬ 
tion is then executed. The MPU then reads in the next sequential byte 
in the program and places it again in the instruction register. The 
program will sequentially be executed in this manner unless a branch 
or jump instruction changes the value of the program counter. If this 
occurs, the next instruction to be executed is determined by the new 
program counter value. 

If an interrupt or reset occurs during this process, the program 
counter value will also be changed. The new program counter value is 
determined by the highest eight memory locations that are reserved 
for reset and interrupt vectors. 

In the case of interrupt, the stack pointer is used to store the 
contents of the internal registers necessary to return to the program 
location prior to the interrupt. This happens when the interrupt 
program exits by an RTI (Return from interrupt instruction). Similarly, 
the stack pointer is used to store the program counter value when a JSR 
(Jump to Subroutine) or BSR (Branch to Subroutine) instruction occurs. 

The program counter returns to its original value when an RTS (Return 
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SUMMARY OF MPU OPERATION (Continued) 

from Subroutine) instruction occurs. The stack pointer value is set 
by an LDS (Load Stack Pointer) instruction. 

RESET SEQUENCE 

1. While HALT is high, RESET goes low for at least eight cycles of 

02 during which all internal registers are cleared and interrupt 
bit (I) in CC is set. 

2. Data at FFFE loads into PCH. 

3. Data at FFFF loads into PCL. 

4. PC contents go out on ADRS bus during 0^^. 

5. Contents of cell addressed enters instruction register during 02 
and is decoded as first instruction. 

6. If two or more byte instruction, additional bytes enter*MPU for 
execution. If not, go to next step. 

After execution, step 5 is repeated for subsequent instructions. 


7. 
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IRQ SEQUENCE 

1. If bit "I" in condition code register is not set (I = 0) and 
IRQ goes low for at least one 02 cycle, the IRQ sequence will 
be entered. 

2. After completion of the current instruction, internal registers 

PC, X, A, B and CC will be stored in RAM at the address indicated 
by the stack pointer in descending locations (7 bytes in all). 

3. The IRQ mask (bit 1=1) is set. 

4. Data at FFF8 gets loaded into PCH. 

5. Data at FFF9 gets loaded into PCL. 0^ 

6. PC contents go out on address bus during 0^. 

7. Contents of call addressed enters instruction register during 
02 and is decoded as first instruction of interrupt routine. 

8. If it is a more than 1 byte instruction, additional.bytes enter 
MPU for execution. If not, go to next step. 

After execution, step 5 is repeated for subsequent instructions. 
This loop is repeated until the instruction "RTI" is executed. 


9. 
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NMI SEQUENCE 

1. If NMI goes low for at least one 02 cycle, the MPU will wait 
for completion of current instruction. 

2. The internal registers PC, X, A, B and CC will then be stored 

in,RAM at the*address indicated by the.stack pointer in descending 
locations (7 bytes in all). 

3. The IRQ (bit I = 1) mask is set,. 

4. Data at FFFC is loaded into PCH. 

5. Data at FFFD is loaded into PCL. 0^ 

6. PC contents go out on ADRS bus during 0j^. 

7. Contents of cell addressed enters instruction register during 
02 and is decoded as first instruction of NMI subroutine. 

8. If two or more byte instruction, additional bytes enter MPU 

. for execution. If not, go to next step. . 

9. After execution. Step 5 is repeated for subsequent instructions. 
This loop.is repeated until the instruction "RTI” is executed. 

RTI EXECUTION 

1. The contents of the stack are loaded back into the MPU. (unwinds) 

2. The contents of the PC go out on the address bus to fetch the 

first byte of the next instruction. 
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SWI INSTRUCTION 

1. Contents of the MPU registers PC, IX, ACCA, ACCB and CC are 
stored in RAM at the address indicated by the stack pointer 
in descending location (7 bytes in all). 

2. The IRQ mask (bit I = 1) is set. 

3. Data at FFFA gets loaded into PCH. 

4. Data at FFFB gets loaded into PCL. 

5. PC contents go out on address bus during 0^^. 

6. Contents of cell addressed enters instruction register during 
02 and is decoded as first instruction of SWI subroutine. 

7. If it is a more than one byte instruction, additional bytes 
enter MPU for execution. If not, go to next step. 

After execution. Step 6 is repeated for subsequent instructions. 
This loop is repeated until the instruction "RTI"*is executed. 


8. 
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Number Systems 


Everyone is quite familiar with the base 10 number system i.e. 
0, 1, 2, 3, 4, 5, 6, 7, 8,. 6e 9, since this is the system we all use 
day to day. Let us review a typical number, say 2743, and see what 
it really means. The least significant digit (LSD) is 3 and the 
most significant digit (MSD) is 2. Since we are talking about a 
base 10 ntimber, the number 2743 really is 3x10 + 4x10* + 7x10^ 

+ 2x10^ - 3x1 + 4x10 + 7x100 + 2x1000 
: = 3+40 + 700 + 2000 

- 2743. 

In digital computers, base 10 numbers are represented in binary 
form, i.e. I's St O's. Lets take a base 10 number and convert it to 
a binary (base 2) number. A method of doing this is known as 


"repeated 

division by 2". 

The base 10 ntmiber of 47 is converted to 

binary as 

shown below; 




23 




2 |1T 

R=1 



11 




2 

R=1 



2 fTi 

▲ 


R=1 



2 


101111^ 


213“ 

R=1 



1 




2 [2 

R-0 



2 I~l~ 

R-1 



Converting lOllll-t back to our base 10 number is done in the 


same manner as above. 
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101111 1 = 1x2** + 1x2* +1x2'“ + 1x2^ +0x2^ + 1x2^ 

= 1x1 + 1x2 + 1x4 + 1x8+0 + 1x32 

*1+2 + 4 + 8 + 0+32 

= ^ 1.0 

In general, converting from a number in any base to a number 
in base 10 is accomplished as follows: 

(Ao B*' + A, b' + A^ B*" + A^ B^ + A^ b"*^-— — - — A^ b"^ ) 

where B is the base of the number system and A is the particular 
digit in the original number corresponding to its position to the 
left of the decimal point. On the example just completed, (101111). 

Ap = 1, A, =1, A^ =1, A^ = 1 , A^ = 0 , & Ag. * 1 and B *2 

(base 2). 

Another base which is very convenient in digital computers is 
base 8, since base 8 is really a convenient way of representing base 
2. Lets illustrate by converting a base 10 nimber to base 8 & 

base 2. Let's convert 61 in base 10 to a number in base 8 and a 

nimiber in base 2. By continuous division I 


00 

R*5 i 

758 

8 r?" 

R=7 


30 

2 

R=1 


15 

A 

2 rw 

R=0 


7 



2 n? 

R=1 

111101^ 

3 

2 rr 

R-1 


1 



2 rr 

R*1 


0 
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First lets prove that 75g & 111101^ are really equal to 61 . 

75g -= 5x8* + 7x8* 

= 5x1 +7x8 
= 5 + 56 

= 61 ,, 

111101^ = 1x2° + 0x2* + 1x2^ + 1x2^ + 1x2^ + 1x2^ 

“ 1x1 + 0 + 1x4 + 1+8 + 1x16 + 1x32 

= 1 + 0 + 4 + 8 + 16+32 

+ 61,0 


* 

Notice that if we take the base 8 number of 75 and convert 
each digit to base 2, we have the samd nxmber as when we converted 
the base 10 number to base 2. i.e. 

Convert 7 to base 2 


3 

ifT 

R=1 

1 

2 rr 

R=1 

0 

2nr 

R=1 

Convert 5 to 

base 2 

2 

2rT 

R=1 

1 

ifT 

R-0 

0 

2nr 

R-1 
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Therefore 75^* 111101 which is the same pattern of I's 6e O's as we 
got from converting from base 10 to base 2. What this really says 
that it is easier to convert any base 10 number to base 8 by continuous 
division, and then convert each digit of the base 8 number to base 2. 


22 

8 flfT 

R»7 

2 

8 ur 

R»6 

0 

8 IT 

R»2 

91 ” 

2 (T83 

R-1 

45 

2 r^r 

R=1 

22 

2 

R®*1 

11 

2 [22 

R=0 

2 fll 

R=1 

2 

2(3- 

R=1 

1 

2 [T 

R=0 

2l^ 

R=1 


f 


267 


8 


10110111 . 


267^ = 7x8 

+ 

6x8 

+ 2x8 

= 7x1 

+ 

6x8 

+ 2x64 

= 7 

+ 

48 

+ 128 


- 183 

to convert 

267 directly to base 2, we convert each base 8 digit separately. 

8 
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1 


2 2 fT 

R=0 

i 

0 

^ 10 

afT 

R=1 

6 2[6 , 

R=0 

afa 

R=1 110 

0 

R-1 

arr 

7 2(4 

R=1 

1 i 


2fT 

R=1 111 

0 


inr 

R=1 


therefore 2^ * 10^ , 6^ = » & 7g = ^^^ 2 , 

267g =10110111^ 


Digital computers are designed to use binary nvmibers in their 
working registers. The working registers vary in n\jmber of bits 
depending on the manufacturer. The Motorola M6800 micro-processor 
utilizes, in general, 8 bit words (or registers). This leads to 
another number base, not yet mentioned, of hexadecimal. Hexadecimal 
is really a base 16 number system and can be handled in exactly the 
same manner as base 8 or base 2. In hexadecimal, four bits (in binary) 
represents one hexadecimal number. Thus , an eight bit register can be 
represented by a hex number of 2 digits long. To illustrate, lets 
assume we have the number of 147g in an eight bit register. This 
in binary form is 01100111 . If this bit pattern is divided into 2- 
four bit words of 0110 & 0111, then in hex,147g^can be represented as 
67,^. To prove both are equal, lets convert both back to their base 


10 number. 
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147g = 7x8 + 4x8 + 1x8 

= 7x1 + 4x8 + 1x64 
= 7 = 32 + 64 

= 103,„ 

67jj^ = 7x16^ + 6x1)6 
7x1, *+ 6x16 
f 7 + 96 
“103^ r: 


4 ^ . yoy .probably h^ye .wondered now, how do we. represent these 

hex (base 16) numbers above 9? Here is the base 16 ntrnber conpared 
with ita etpiivalent base 10 nxnnber. 


Base 10 


Base 16 
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13 D 

14 E 

15 F 

To convert any base 10 nximber to hex (base 16) you may convert 
it to base 8 first, then represent the base 8 nxraiber with its 
binary representation. By taking the binsry representation of the 
nimber and grouping the bits from right to left in groups of four 
which are then represented in hex per the above table. Or one may 
convert any base 10 nimiber to hex by our continuous division rule 
as before. Lets convert 825, ■ to hex. 


16 

R=9 

k 

16 fsi" 

J 

R=3 

■ 

339,^ 

0 



16 (T 

R«=3 


therefore 825, = 339. 

fO lU 



to convert 339,back to our 

base 10 

number. 

O 

1 

r 

339^, = 9x16 

+ 3x16 

+ 3x16 

= 9x1 + 3x16 + 

3x256 

- 9 + 

48 + 

768 


To show the relationship between hex, binary, and octal, lets convert 
825jp to octal 6e to binary and then back to hex. 
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825io to octal 


825,0 to binary 


825,0 “ 1^^713 


103 

8 r82F 

R=1 

12 


8 1 103 

R=7 

1 

8 rrr 

R-4 

8ri‘ 

R=1 

412 

2 

R»1 

206 

2 r5l2 

R-0 

103 

2 pm 

R-0 

51 

2 1 103 

R»1 

25 

2 151 

R-1 

12 

2r2r 

R-1 

arrl 

R-0 

3 

2 \ T 

R-0 

1 

2 13 

R-1 

0 

2rT 

R-1 

1 . 

Z 

+ 4x8 

+ 1x8 

+ 4x64 

+ 1x512 


-1+56 +256 +512 

- 825 .^ 


1471, 


1100111001, 



MPU-28 


825,p - 1100111001^ 

= 1x2*’ + 0x2* + 0*2^ + Ixf + 1x2^ +1x2^ + 0x2^ + 0x2 + 1x2* + 1x2^ 
^ 1x1 + 0 + 0 +1x8 + 1x16 + 1x32 + 0 + 0 + 1x256 1x512 

- 1 + 0 + 0 + 8 + 16 + 32 + 0 + 0 + 256 + 512 
“ 825,^ 

Or taking 1471g and representing each digit by its binary representa¬ 
tion, we get 1“001, 4*100, 7*111 & 1 = 001 which when put together 
equal OOHOOlllOOl Notice this is the same bit pattern as when we 
converted from base 10 to base 2. Now if we group this into three 
groups of four bits and then convert each group to its hex counterpart, 
we will have the number of 825,represented in hex. OOHOOlllOOl 
■ 0011 0011 1001 * 339,,^ . Notice this agrees with the result 

when we converted directly to hex fron one base 10 number. 

In summary, lets take the situation when an MPU 6800 8 bit 
register contains all I's. 

11111111 » Ix2®+lx2'+lx2’*' +1x2^ +1x2"*’ + 1x2^ +1x2^ + 

+ 1x2^ 

= 1x1 +1x2+1x4+1x8+1x16+1x32+1x64+1x128 

*1+2+4+8+16+32+64+128 

“ 255,^ 
or 

11111111 - 11 111 111 

• I 

* 3 7 7g * 7x8 + 7x8 + 3x8 

* 7x1 + 7x8 + 3x64 

- 7 + 56 + 19Z - 

- 255,0 


or 



11111111 = 1111 


nil 


F F, =15x16* + 15x16' 

I » 

=15x1 + 240 


Conversion Chart 


=15 + 240 


= Z5S 


lo 


Decimal 

Octal 

hexadecimal 


binary 

0 

0 

0 


0000 

0000 

1 

1 

1 


0000 

0001 

2 

2 

2 


0000 

0010 

3 

3 

3 


0000 

0011 

4 

4 

4 


0000 

0100 

5 

5 

5 


0000 

0101 

6 

6 

6 


0000 

0110 

7 

7 

7 


0000 

0111 

8 

10 

8 


0000 

1000 

9 

11 

9 


0000 

1001 

10 

12 

A 


0000 

1010 

11 

13 

B 


0000 

1011 

12 

14 

C 


0000 

1100 

13 

15 

D 


0000 

1101 

14 

16 

E 


0000 

1110 

15 

17 

F 


0000 

nil 

16 

20 

10 


0001 

0000 

17 

21 

11 


0001 

0001 

18 

22 

12 


0001 

0010 

19 

23 

13 


0001 

0011 

20 

24 

14 


0001 

0100 

21 

25 

15 


0001 

0101 
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22 

26 

16 

0001 0110 

23 

27 

17 

0001 0111 

24 

30 

18 

0001 1000 

25 

31 

19 

0001 1001 

26 

32 

lA 

0001 1010 

27 

33 

IB 

0001 1011 

28 

34 

1C 

0001 1100 

29 

35 

ID 

0001 1101 

30 

36 

IE 

0001 1110 

31 

37 

IF 

0001 1111 

32 

40 

20 

0010 0000 

33 

41 

21 

0010 0001 

34 

42 

22 

0010 0010 

35 

43 

23 

0010 0011 

36 

44 

24 

0010 0100 

37 

45 

25 

0010 0101 

38 

46 

26 

0010‘ 0110 

39 

47 

27 

0010 0111 

40 

50 

28 

0010 1000 
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Peripheral Interface Adapter (PIA) - MC6820 


The Peripheral Interface Adapter (PIA) is a means used to 
interface peripheral equipment with the microprocessing unit (MPU). 
The PIA communicates with the MPU via an eight bit bi-directional 
data bus, thfee chip selects, two register selects, two interrupt 
request lines, one read/write line, an enable line, and a reset 
line. These will be discussed in detail later. 

Each PIA has two eight bit bi-directional peripheral data 
buses for interfacing with peripheral equipment as shown in 
Figure 1. 


PERIPHERAL 
DATA 
(SIDE A) 


PERIPHERAL 
DATA 
(SIDE B) 



- w 

DATA LINES TO/FROM MPU 

_ L 


01534 


Each Peripheral data line may be programmed to act as an input or 
an output. In addition to the two eight bit peripheral data buses, 
peripheral control lines CA2 and CB2 may be programmed to act as 
a peripheral data line as will be discussed later. 

Each PIA consists of two control registers, two data direc¬ 
tion registers, and two peripheral interface registers (peripheral 
data). The control registers and the data direction registers are 
used to control the data in and out of the PIA. 



I I 
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8 DATA 

LINES FROM CONTROL 


8 DATA 
LINES FROM 


CONTROL 



FROM 

MPU 


LINES 
TO MPU 


SELECT 
FROM MPU 
ADDRESS 
LINES 


SELECT • 
FROM MPU 
ADDRESS 
LINES 


01535-1 
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A. Peripheral Data Lines PA0 thru PA7 

Each of these 8 data lines which interface with the outside 
world can be programmed to act as either an input or an output. 
This is accomplished by setting a "1" in the corresponding bit 
in the Data Direction Register (DDR) if the line is to be an; 
output or a "0" in the DDR if the line is to be an input. When 
the data in the peripheral data lines are read into the MPU by a 
load instruction, those lines which have been designated is input 
lines (0 in DDR) will be gated directly to the data bus ahd‘ 
into the register selected in the MPU. In the input mode, each 
line represents a maximum of one standard TTL,load.. 

On the other hand, when' an output data instruction (STA A 
PIA) is executed, data will be transferred via the data buS'tb the 
peripheral data register. A ''iV output will cause a "high", on 
the corresponding data line and a "0" output will cause a "low" 
on the corresponding data line. Data in Peripheral Register A 
that have been programmed as outputs.may be read by an MPU 
"LDA A from PIA" instruction. If the voltage is above 2 volts 
for a logic "1" or below .8 yolts for a logic "0", the data will 
agree with that data outputed. However, if these output lines 
have been loaded such that they do not meet the levels for logic 
"1", the data read back into the MPU may differ from the data 
stored in the PIA Peripheral Register A. 

B. Peripheral Data Lines PB0 thru PB7 

The 8 data lines which interface with the outside world on 
the B side may also be programmed to act either as an input or 
as an output. This is also accomplished by setting a "1" in the 
corresponding bit in the Data Direction Register (DDR) if the 
line is to be an output or a "0" in the DDR if the line is to be 
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an input. The output buffers driving these lines have three state 
capability, allowing them to enter a high impedance state when the 
peripheral data line is used as an input. Data in Peripheral 
Register B that have been programmed as outputs may be read by an 
MPU "LDA A from PIA" instruction even though the lines have been ' 
programmed as outputs. If the line has been programmed as an 
output ("1"), reading the line will indicate a logic "1" due to 
buffering between the register and the output pin. 

C. Data Lines (D0-D7 ) 

The 8 bi-directional data lines permit transfer of data to/ 
from the PIA and the MPU. The MPU receives data from the outside 
world from the PlA via these 8 data lines or sends data to the out¬ 
side world through the PlA's vik the 8 data lines. The data bus 
output drivers are three state devices that remain in the high im¬ 
pedance (off) state except when the MPU performs a PIA read operation. 

D. Chip Select Lines (CSl, CS2, CS3 ) 

These are the lines which are tied to the address l}.nes of 
the MPU. It is through these lines that a particular PIA is 
selected (addressed). For selection of a PIA, the CSl and CS2 
lines must be high and the CS3 must be low. After the chip selects 
have been addressed, they must be held in that state for the dura¬ 
tion of the E (enable) pulse, which is the only timing signal 
supplied by the MPU to the PIA. This enable pulse (E) is normally 
the (j)2 clock. One of the address lines should be ANDed with the 
VMA linewith this output tied to a chip select. 

E. Enable Line (E) 

The enable pulse (E) is the only timing signal that is 
supplied to the PIA by the MPU. Timing on all other signals is 
referenced to the leading or trailing edges of the E pulse. 
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F. Reset Line (RS) 

This line is used to reset all registers in the PIA to a 
logical zero. This would be used primarily during a reset or 
power on operation. This line is normally in the high state. The 

transition of high to low to high resets all registers in the PIA. 

G. Read/Write Line (R/W) 

This signal is generated by the MPU to control the direction 
of the data transfers on the Data Bus. A low state on the PIA 
Read/Write line enables the input buffers and data is transferred 
from the MPU to the PIA (MPU write) on the E signal if the device 
has been selected. A high on the Read/Write line sets up the 

PIA for a transfer of data to the data bus (MPU read). The PIA 

output buffers are enabled when the proper address & t;he enable 
pulse are present thus transferring data to the MPU. 

H. Interrupt Request Lines (IRQA & IROB) 

These lines are used to interrupt the MPU either directly 
or indirectly through interrupt priority circuitry. These lines 
are "open source" (no load device on the chip) and are capable 
of sinking a current of 1.6 ma from an external source. This 
permits all interrupt request lines to be tied together in a 
"wired OR" configuration. Interrupts are serviced by a soft¬ 
ware routine that sequentially reads & tests, on a prioritized 
basis, the two control registers in each PIA for interrupt flag 
bits (Bit 6& 7) that are set. Discussion on the control registers 
& how the flag bits get set will follow. When the MPU reads the 
Peripheral Data Register, the Interrupt Flag (Bit 6 or Bit 7) 
is cleared & the Interrupt Request is cleared. 
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\ 

These request lines (IRQA & IRQB) are active low. 

I. Interrupt Input Lines (CAl & CBl ) 

These lines are input only to the PIA and set the interrupt 
flag (Bit 7) of the control registers in the PIA. Discussion of 
these lines in conjunction with the control register will follow. 

J. Peripheral Control Line (CA2) 

This line can be programmed to act either as an interrupt 
input or as a peripheral output. As an output, 

this line is compatible with standard TTL and as an input represents 
one standard TTL load. The function of this line is programmed with 
Control Register A (Bits 3,4,6c5). 

K. Peripheral Control Line (CB2) 

This line may also be programmed to act as an interrupt 
input or as a peripheral output. As an input, this line has 
greater than 1 megohm input impedence & is compatible with 
standard TTL. As an output, it is compatible with standard TTL 
and may also be used as a source of up to 1 millamp at 1.5 volts 
to directly drive the base of a transistor switch. The function 
of this line is programmed with Control Register B (Bits 3,4, & 5). 
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CONTROL REGISTER A (CRA) 



Peripheral control line CAl is an input only line which may 
be used to cause an interrupt by setting the interrupt flag IRQAl 
(Bit 7) of control register A(CRA). Bits 0 and 1 of CRA are 


used to determine how the interrupt is to be handled. 

After the MPU reads Peripheral Data Register A, the IRQAl 


(Bit 7) will be cleared. 


Transition 
of interrupt 
input line CAl 


Status of 
Bit 1 in 
CRA 


Status of 
Bit 0 
in CRA 


IRQAl 


ST ATUS 
OF TRQTT 


(Interrupt LINE(MPU 
flag) Bit INTERRUPT 


7 of CRA 


REQUEST 


MASKED 

(Remains High) 

GOES LOW 

(Processor 

Interrupted) 

MASKED 

(Remains High) 


_ 1 111 GOES LOW 

(Processor 

(All other combinations of CAl transition and Interrupted) 
status of bit 0 and bit 1 will be ignored) 

Data Direction Access Control (DDRA)-(Bit 2) 


This bit, in conjunction with the register select lines 


(RS0 & RSI), is used to select either the Peripheral Data Register 


or the Data Direction Register. To address the A side control 
register, RSI is set to a logic "0" and RS0 is set to a logic ”1". 


RSI RS0 CRA(BIT2) Register Selected 

0 ) ^ 1 Peripheral t)ata Reg.A 

0 0 > 0 . Data Dir. Reg. A 

rt 1 " — Control Reg. A 
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(\^ 0 

A, 


CONTROL REGISTER B (CRB) 


7 

- 6 

_5_ 

_4_ 

3 

2 

1 

_0_ 

IRQBl 

IRQB2 

CB? CONTROL 

DDRB 

— 


! o ' 1 ' 

CBl Control (Bit 0 & 1) 

Peripheral control line CBl is an input only line which may be 
used to cause an interrupt by setting the interrupt flag IRQBl (Bit 7) 
of control register B (CRB). Bits 0 and 1 of CRB are used to 
determine how the interrupt is to be handled. 

After the MPU reads Peripheral Data Register B, the IRQBl (Bit 7) 


will be cleared. 

Transition 
of interrupt 
input line CBl 


Status of 
Bit 1 in 
CRB 

0 

0 


1 

1 


Status of 
Bit 0 
in CRB 

0 

1 


0 

1 


IRQBl 

(Interrupt 
flag)Bit 
7 of CRB 

1 

1 


1 

1 


(All other combinations of CBl transition and 
status of bit 0 and bit 1 will be ignored) 


Sta tus 

of 

Line(MPU 

Interrupt 

Request) 

MASKED 

(Remains High) 

GOES LOW 
(Processor 
Interrupted) 

MASKED 

(Remains High) 

GOES LOW 
(Processor 
Interrupted) 


Data Direction Access Control (DDRB)-Bit 2) 

This bit, in conjunction with the register select lines (RS0 & RSI), 

is used to select either the Peripheral Data Register or the Data 

Direction Register. To address the B side control register, RSI is set 

to a logic "1" and RS0 is set to a logic ”1". 

RSI RS0 

1 0 

10 0 

1 1 


CRB(BIT2 ) 

1 


Register Selected 
Peripheral Data Reg.B 


Da'ta Dir. Reg. B 
Control Reg. B 











CA2 Control (Bit 3,4, & 5 of CRA) 


This line, in addition to generating an interrupt signal, may also be 
used as an additional output signal. Bits 3,4, & 5 of the control 
register determine the function of this line. 


Transition Status of Status of 

of input Bit 5 Bit 4 

CA2 in CRA in CRA 

Status of 
Bit 3 
in CRA 

IRQA2 Status of 

(Interrupt IRQA Line (MPU 
flag)bit 6 interrupt 
of CRA request) 


0 

0 

0 

1 

JIASKED (remains 
high) 


0 

0 

1 

1 

GOES LOW 

(Processor 

interrupted) 

-T 

0 

1 

0 

1 

MASKED (remains 
high) 

_r 

0 

(All other 
status of 

1 

combinations of 
bit 3 and bit 4 

1 1 

CA2 transition and 
will be ignored) 

GOES LOW 

(processor 

interrupted) 

CA2 Used As An 

Output 





If bit 5 of CRA is set to a logic "1”, CA2 is designated as 
an output. The four options utilizing CA2 as an output are 
shown below. In all f our options the IRQA2 flag (bit 6 of CRA 
remains clear and the IRQA interrupt request line remains high. 


Bit 5, 4, 3 of CRA = 100 (Handshake Mode) 



goes low after a "READ A 
SIDE DATA" instruction 
(negative transition of 
E) (LDA) 


<9 



goes high on 
transition 
of CAl signal 
(IRQAl set to 
logic "1") 


enable 
signal (E) 
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BIT 5,4, 3 of CRA =101 

goes high on 
the negative 
edge of the 
next E 
pulse after 
a "READ A 
SIDE DATA" 
instruction 
(LDA) 


enable 

(E) 

sign a 


BIT 5,4,3 of CRA = 110 

CA2 will always be low with Bits 5,4, 6e 3 equal to 110 


3 

Bit 5,4,3 of CRA = 111 

CA2 will always be high with Bits 5, 4, and 3 equal to 111. 






This line, in addition to generating an interrupt signal, may 
also be used as an additional output signal. Bits 3,4, & 5 

of the control register determine the function of this line. 


Transition 

Status of 

Status of 

Status of 

IR0B2 

Status of 

of input 

Bit 5 

Bit 4 

Bit 3 

(Interrupt 

IRQB Line 

CB2 

in CRB 

in CRB 

in CRB 

flag) bit 

(MPU 





6 of CRB 

interrupt 

request) 

1 

0 

0 

0 

1 

MASKED 






(remains 

high) 

"L 

0 

0 

1 

1 

GOES LOW 






processor 

interrupted 


0 

1 

0 

1 

MASKED 






(remains 

high) 

-T 

0 

1 

1 

1 

GOES LOW 

(processor 

interrupted) 


(All other combinations of CB2 transition and status 
of bit 3 and bit 4 will be ignored.) 


CB2 Used as an Output 


If bit 5 of CRB is set to a logic ”1", CB2 is designated an 
an output. The four options utilizing CB2 as an output are 
shown below. In all four options, the IRQB2 flag (bit 6 of CRB) 
remains clear and the IRQB interrupt request line remains high 


Bit 5, 4, 3 of CRB = 100 (Handshake Mode) 



goes high 
on the 
transition 
of CBl 
signal 
(IRQBl set 
to logic 
" 1 ") 





FlA-iZ 


Bit 5,4,3 of CRB = 101 


goes high on the 
next positive E 
pulse after a 
"WRITE B SIDE 
DATA" instruction 
(STA) 


enable 
signal (E) 

Bit 5,4,3 of CRB = 110 

CB2 will always be low with Bits 5,4, & 3 of CRB is equal to 110. 


Bit 5,4,3 of CRB = 111 

CB2 will always be high When bits 5,4, 6e 3 of CRB is equal to 




111. 
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SUMMARY OF PIA CONTROL REGISTERS: 


a) Register selects RS0 & RSI 

If RSI is set to a logic ”0**, then "A" side is selected 

If RSI is set to a logic "1", then the "B” side is selected. 

If RS0 is set to a logic "0", and CRA (or CRB) Bit 2 is 

set to a logic "1”, the peripheral data register is 
selected. 

If RS0 is set to a logic '*0*', and CRA (or CRB) Bit 2 is 
set to a logic "O'V, then the data direction register is 
selected. 

If RS0 is set to a logic "1", the control register is 
selected. 


b) CAl or CBl Interrupt Line 

If bit 0 of CRA (or CRB) is set to a logic "0", all 
interrupts caused by CAl (or CBl) are disallowed by the 
PIA., 


c) CA2 or CB2 Interrupt Line • 

If bit 3 of CRA (or CRB) is set to a logic "0", all 
interrupts caused by CA2 (or CB2) are disallowed by the 
PIA. If bit 5 of CRA (or CRB) is set to a logic "1", 
then the CA2 (or CB2) line is used as an output line 
per previous table. 
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Summary of Control Registers CRA & CRB 

Control Registers CRA & CRB have total control of CAl, CA2, 
CBl, and CB2 lines. The status of eight bits of the, control 
registers may be read into the MPU. However, the MPU can only 
write into bit 0 thru bit 5 (6 bits), since bit 6 & bit 7 are 
set only by CAl, CA2, CBl, or CB2. 

Addressing PIA's 

Before addressing PIA’s, the Data Direction (DDR) must first 
be loaded with the bit pattern that defines how each line is to 
function i.e. as an input or an output. A logic "1" in the 
Data Direction Register defines the corresponding line as an 
output while a logic ”0" defines the corresponding line as an 
input. Since the DDR and the Peripheral Data Lines have the 
same address, the control register bit 2 determines which 
register is being addressed. If bit 2 in the control register is 
a logic "0”, then the DDR is addressed. If bit 2 ini the control 
register is a logic "1", the Peripheral Data Register is 
addressed. Therefore, it is essential that the DDR be loaded 
first before setting bit 2 of the control register. 

Example: Given a PIA with an address of 4004, 4005, 4006, & 

4007. 4004 is'the address of the A side Peripheral Interface 

Register, 4005 is the address of the A side control register. 

4006 is the address of the B side Peripheral Interface Registet. 

4007 is the address of the B side control register. On the A 
side, bit 0, 1, 2, 6e 3 will be defined as inputs while bit 4,5,6 
& 7 will be used as outputs. On the B side, all lines will, be 
used as outputs. 


The program to accomplish the above is as follows 






PIAIAD 

= 4004 ^ 






PIAIAC 

= 4005 3> 






PIAIBD 

= 4006 % 0 g: - 






PIAIBC 

= 4007 ^":>f 


1. 

LDA 

A 

r/o 

11110000 0 

(4 inputs, 4 outputs) .t ^ 

2. 

STA 

A 


PIAIAD 

(loads A DDR) 

- ft. V 

^' V if' 

3. 

IDA 

A 

r/o 

11111111 

(All outputs) 

/" r 

4. 

STA 

A 


PIAIBD- 

(Loads B DDR) 


5. 

LDA 

A 

r/o 

00000100 

(sets bit 2) 


6. 

STA 

A 


PIAIAC 

(Bit 2 set in A 

contr. reg) 

7. 

STA 

A 


PIAIBC 

(Bit 2 set in B 

contr. reg) 


Statement 2 addresses the DDR since the Control Register (Bit 2) has not 
been loaded. Statement 6 & 7 loads the control registers with bit 2 set, 
addressing PIAIAD or PIAIBD accesses the Data Register. 


so 
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ASYNCHRONOUS COMMUNICATIONS INTERFACE ADAPTER (ACIA) - MC6850 

The Asynchronous Communications Interface Adapter (ACIA) is a means 
used to receive and transmit up to eight bits of data for serial data communi¬ 
cations. The ACIA communicates with the MPU via an eight bit bi-directional 
data bus, three chip select lines, one register select line, one interrupt 
request line, an enable line, and one read/write line. 

The ACIA has four registers which may be addressed by the MPU. The 
Status Register (SR) and the Receiver Data Register (RDR) are "read only" 
registers in that the MPU cannot write into two registers. The transmit 
Data Register (TDR) and the Control Register (CR) are "write only" registers 
in that the MPU cannot read from these registers. 

MPU INTERFACE LINES 

A. Bi-Directional Data Lines (D0 - D7) 

The eight bi-directional data lines permit transfer of data to and from 
the ACIA and the MPU. The MPU receives data from the outside world from 
the ACIA via these eight data lines or sends data to the outside world 
through the ACIA's via the eight data lines. The data bus output drivers 
are three state devices that remain in the high impedance (off) state 
except when the MPU performs a ACIA read operation. 

B. Chip Select Lines (CS0, CSl, C^ 

These are the lines which are tied to the address lines of the MPU. 

It is through these lines that a particular ACIA is selected (addressed). 
For selection of an ACIA, the CS0 and CSl lines must be high and the CS2 
must be low. After the chip selects have been addressed, they must be 
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TRANSMIT DATA REGISTER (TDR) 


DATA 

LINES 

TO 

OR 

FROM 

MPU 



D7 D6 D5 D4 D3 D2 Dl DO 


SERIAL DATA OUT 


BUS 

DRIVERS 


froTt^s^ . / I 

MPU DATaX-^C^/ 
LINES (PARALlJTISw 
TO SERIAL CONVERTS 


TO MPU DATA LINES 
(SERIAL TO 
PARALLEL 

CONVERTERK<^ W 


■STATUS REGISTER (SR) 


IRQ I PE ROV 1 FE I GTS | DCDl TDRgRDRig 


CONTROL REGISTER (CR) 


1 0 


RIE TC 


SERIAL DATA IN 


- |D0 |D1|D2| D3|d4| D5 | D6 | D7 - 

I RECEIVE DATA REGISTER (RDR) 

. R/^ E RS GTS CS0 


CSl CS2 


INTERRUPT 

TO 

MPU 


TRANSMIT 

CLOCK 


RECEIVE 

CLOCK 


READ 

OR 

WRITE 

FROM 

MPU 


r 


ENABLE 

FROM 

MPU 


CLEAR 

TO 

SEND 

SIGNAL 

FROM 

MODEM 


REGISTER 
SELECT 
FROM 
. MPU 
ADDRESS 
LINE 


CHIP SELECT 
FROM MPU 
ADDRESS 
LINES 


DCD RTS 


REQUEST 

TO 

SEND 

TO 

MODEM 


DATA 

CARRIER 

DETECT 

FROM 

MODEM 
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held in that state for the duration of the E enable pulse, which is the 
only timing signal supplied by the MPU to the ACIA . 

C. Enable Signal (E) 

The enable pulse is a high impedance TTL compatible input from the MPU 
that enables the ACIA input or output buffers and clocks data to or from 
the ACIA. 

D. Read/Write Line (R/W) 

The Read/Write line is a high impedance TTL compatible input that is 
used to control the direction of data flow between the ACIA's eight bit 
parallel data bus and the MPU. When Read/Write is high (MPU read), the 
ACIA output driver is turned on and a selected register is read by the 
MPU. When the Read/Write line is low (MPU write), the ACIA output driver 
is turned off and the MPU writes into a selected register. Thus, the 
Read/Write signal, in conjunction with the register select line, is used 
to select the registers within the ACIA that are read only. 


Register Select 

RS 

Read/Write 
(R/W) 

ACIA 

Register 

Selected 

MPU 

Read or 
Write 

0 

0 

Control 

Write 

0 

1 

Status 

Read 

1 

0 

Transmit 

Data 

Write 

1 

1 

Receive 

Data 

Read 


E. Register Select (R$) 

The Register Select line is a high impedance TTL compatible input 
from the MPU that is used to select, in conjunction with the Read/Write 
line, either the Transmit/Receiver Data Register or the Control/Status 
register in the ACIA as shown in part D of this section. 
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F. Interrupt Request Line (IRQ) 

The Interrupt Request Line is a TTL compatible output line to the MPU 
that is used to interrupt the MPU upon the occurrence of certain events. 
This line is active in the low state and remains low as long as the 
course of the interrupt is present and the appropriate interrupt enable 
within the ACIA is set. 

ACIA REGISTERS 

A. Status Register (Read Only) 

The Status Register can only be read by the MPU. This register is 
selected when the Register Select (RS) line is low and the Read/Write 
(R/W) line is high (RS • R/W = 01) 


STATUS REGISTERS (SR) 


7 

6 

5 

4 

3 

2 

1 

0 

IRQ 

PE 

ROV 

FE 

CTS 

DCD 

TDRE 

RDRF 


Bit 0 - Receiver Data Register Full (RDRF) 

"1" - The Receiver Data Register is full. When this bit gets set to 
a logic "1" indicating the Receiver Data Register is full, the 
IRQ bit (bit 7) gets set also and remains set until the data is 
read into the MPU. 

"0" - The Receiver Data Register has been read by the MPU. The non¬ 
destructive read cycle clears the RDRF bit although the data in 
the Receiver Data Register is retained. If the DCD^ line goes 
high indicating loss of carrier, the RDRF bit is clamped at logic 
"0" indicating the contents of the Receiver Data Register are not 


current. 




9-AICA 
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Bit 1 - Transmit Data Register Empty (TDRE) 

"1"- the 'Transmit Data Register is empty and new data may be transferred. 

^-‘'l‘^Q^(bit ^ gets set) ■ 

"0" - The transmit Data Register is full 

Bit 2 - Data Carrier^ Detect iflGD) . .. . v , c.,, i „ 

'T' - Ther^e n^ g^^ier ^pom jt.li^jmod^^ thifS, bit goes to a logic 

"1" - the IRQ bit Xblt 7) gf 4;he status register getSj set and remains 
set until the MPU reads the Status Register and the Receiver Data 

"0" - the cgr^^',^ #ro^,;%a,ipoidem preffUtr 


Bi t - Clean to Send 


.0? < r 


"1" - The Clear to Send line from the modem is high, thus inhibiting the 
Transmit Data Register Empty (TDRE) bit. Modem is not ready forf^ 
data... ■. ,• , 

"0" r The Clea)* to Sendaiine from the modem is low. Modem is ready for 
data. ,, ; 


Bit 4 - Framing Error (FE) 

"1" - Framing error indicates that the received character is improperly 
framed by the start and stop bit and is detected by the absence of 
the first stop bit. This error indicates a synchronization error, 
faulty transmission, or a break condition. This error flag is 
set or reset during the receiver data transfer time. ■ Therefore, . 
. this error indicator is present throughout the time, that the 
associated, character is available. , , 

"0" - The received character is properly framed. 




i-P,lOk 
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5 - Receiver Overrun (ROV) 


^ J 'i 




- Overrun is an error flag that indicates that one or morexharaoters 

■ -Vi r-JbH W-G hne VTQCflQ 2f •’? J 21 v-SJI Sj f'vc ■ 9^ , - - 

in the data stream were lost. That is,^,a^^h|r:a 9 terjQqva^mber of 
characters were received l^ut ^not re^d ^^h^, Rece.iyer; Data 

Register (RDR) prior to subsequent being received. The overrun 
condition begins at the midpoint-^(^3^^^^?^P-b^Pl^^^W^^secorid “ 

'' tchaVa’d^'^ Vdb^f\?1ed '^%ua5^yi^n*^v^i frt61?t IP(?f tlie 1lt^ havin\| 

' i foc{aji^edt^»P ThV<f\fe¥rul1^^Vs %i1j*t Status Register until 

the vafTicf'^liaV^fgr'’ ipW^ Kar been rea'd.' Character 

synchronization is maintained during the Overrun cohSitioff. The 
Overrun indication is re'^^t^ltfft^r ^ 

Receive Data Register. Overrun is alsOz-fB^ed^b^ the Master Resel^ 

- No Receiver Data Overrun have occurred. > r> 

ppi^fdiflfir 2 uHJ .flprri ar fiiobom srld mo'iT snff baed c- t&sig ■x-i’' - * 

o'6 --tParity’Erfof^PE) .?n; {351GT) yfc' 'i3 isJarpsS sjai! d nnaGf, ■ 

- The parity error flag indicates that the number of highs^tdnes) 
in theichShacter^'does-not^Sgfrli^wfth'thb prbse1ected'’6dd Bf'even'^ 
parity. Odd parity is defined to be when the total number'df ones 
is odd. The parity error indication wilf be present as,long as, . 
the data character is in the RDR. If no parity is selected, then 
both the transmitter parity generator output and .the receiver 
parity check results are inhibited. 

- No parity error occurred. . 


Bit 7 -~ Interru^?tdKedUe'S-t--{T‘R^ ■ -v v- x' ■ 

"1" - There is art intel^rupt iri-the ACIA^-^ 'This bit teing high causes the 
IRQ output line to be low. - TIits will be cleared'by feading''the 
Status Register and writing into the Transmit Data; Register or 
reading the Receiving Data Register. 

"0" - No interrupt present. 
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Control Register (Write Only) 

.j . < 

The Control Register can only be written intd by the MPU. This register 

■.'.’dr*' • ■ ' ' . • • 

is selected when the Register Select (RS) line and the Read/Write line 
are both low (RS • R/W = 00) 


CONTROL REGISTER (CR) 


Receiver 

Interrupt 

Enable 


7^ 


7 

‘ 6 

5 

4 

3 

2 

1 

0 

R . 

I 

E 

Transmitter 

Control 

Word 

Select 

Counter 

DiVidd 


' i3 ‘ 7 


■Bit 0 and 1 - Counter Divide Select'Bits (CDS) 


CRl 

0 

0 

1 

1 


CRO 

0 

1 

0 

1 


FUNCTION 

V 1 

. f 16 

i 64 

Master Reset 


Bit 2, 3, 4 - Word Select Bits (WS) 


CR4 


0 

0 

p 

0 

1 

1 

1 

1 


CR3 


0 

0 

1 

1 

0 

0 

1 . 

1 


CR2 


0 

1 

0 

1 

0 

1 

0 

1 


FUNCTION 

7 Bit + EP + 2SB 
7 Bit + OP + 2SB 

7 Bit + EP + ISB 
7. Bit + OP + ISB 

8 Bit +,2SB 
8 Bit + ISB 

8 Bit + EP + ISB 
8 Bit + OP + ISB 


EP - Even 
OP. - Odd 
SB - Stop bits 
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and 5 - Transmitter Control (TC) 


CR6 CR5 FUNCTION 

snO J9J ■ro'i: t-r^aJ ■ 

0 0 RTS = Low Tra'nYmTttTn'g“Interrupt Disabled (TIE) 

: arrlT • sri:?.,,.\ta Od'’vf- nodti'u-. ..Jti ■ 

0 ■ 1 "■ RTS = low Transmitting Enabled (TIE) 

v.n .i .--.I r ?W\b59” efC.. dSS: E.C'''!,9J3f;PS-A', ’ 9.' -5 ^ .. 

1 0 RTS = High Transmitting Interrupt Disabled (TIE) 

(00 - w 1' 2R) wpf d^od 9?6 

1 1 RTS = Low Transmitting Interrupt Disabled (TIE) 


a^^^^nsmits a Break level on the transmit 


*-■ «. 


.. - 4.,-4U 



-OUtpUtT' 

;? 


Bi t'^AP^^feeei ver Interrifti’^i^able 


' , ^ - .r- 1 


- Enables interrupts caused by 
a) Receiver Data Register Full going high 


'■A- 


if - 


b) A low to high transition on the Data Carrier Detect signal line 


" 0 " 


CLOCK INPUTS 


Cleared by jsel^^t^ji ggijifiaRecejiver rflataciRog Tsl er or^by rfesettinq 
the Receiver Interrupt Enable Bit. 


Separate high impedance TTL compatible inputs are provided for clocking of 
transmitted and received data. Clock frequencies of 1, 16, or 64 times the data 
rate may be selected. 

A. Ti^ahsmit Clock (TXC) ' , • ! .. - : - ' 

The transmit clock input is used for the clocking of transmitted data. The 
transmitter initiates data on the negative trlmsition of the clock. 

B. Receive Clock (RXC) 

\ Tbe Receive Clock Input 4s .used for synchronization of received data. 

The receiver strokes the data on the positive transition of the clock. 

• I y ■ 

(In the T 1 mode, the clock and data .must be synchronized externally). 








MODEM CONTROL 


The ACIA includes several functions that permit limited control of a data 
modem. The functions included are Clear-to-Send, Request-to-Send and Data 
Carrier Detect. 

A. Clear-to-Send (CTS) 

This high impedance TTL compatible input provides automatic control of the 
transmitting end of a communications link via the modem's "clear-to-send" 
active low output. 

B. Request-to-$end (RTS) 

The Request-to-Send output enables the MPU to control a modem via the 
data bus. The active state is low. 

C. Data Carrier Detected (PCD) 

This high impedance TTL compatible input provides automatic control of the 
receiving end of a communication link by means of the modem "Data-Carrier- 
Detect" or "Received-Line-Signal Detect" output. The DCD input inhibits 
and initializes the receiver section of the ACIA when high. ‘A low to high 
transition of the Data Carrier Detect initiates an interrupt to the MPU 
to indicate the occurrence of a loss of carrier. 

RECEIVED DATA LINE (RX) 

The Received Data line is a high impedance TTL compatible input through 
which data is received in a serial NRZ (Non Return to Zero) format. Synchro¬ 
nization with a clock for detection of data is accomplished internally when 
clock rates of 16 or 64 times the bit rate are used. Data rates are in the 
range of 0 to 500Kbps when external synchronization is utilized. 

TRANSMITTED DATA LINES (TX) 

The Transmit Data Output line transfers serial NRZ data to a modem or 
other peripheral at the same range of rates as the received data. 
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SwTPC 6800 Conq)uter Systein/CT-1024 Teirminal System Owners 


For maximum flexibility, we are recommending that SwTPC 6800/CT-1024 ter¬ 
minal system customers use the CT-CA computer controlled cursor option. This 
board does everything the CT-M manual board does plus it gives computer program 
control over cursor positioning. You may even operate the terminal in the "echo" 
mode and use control characters from the keyboard to position the cursor. This 
eliminates the need for the multitude of cursor positioning/erase switches requir¬ 
ed for the CT-M mantial cursor board. 

To establish software consistency we are recommending you jumper configure 
your CT-CA computer controlled cursor board as follows: 


Control 

P 

(1016) 

Home-Up 

Control 

Q 

(1116) 

Reader On (See Text) 

Control 

R 

(1216) 

Record On (See Text) 

Control 

S 

(1316) 

Reader Off (See Text) 

Control 

T 

(1^16) 

Record Off (See Text) 

Control 

U 

(1516) 

Erase-End of Line (EOL) 

Control 

V 

(1616) 

Erase-End of Frame (EOF) 

Control 

W 

(1716) 

Cursor Right 


This is in addition to the line feed and carriage functions already incor¬ 
porated into the main terminal system board. 

Control J (0A) Line Feed 

Control M (0D) Carriage Return 

The various Reader/Record control functions are used to command our upcoming 
cassette tape interface. They are the same as those paper tape reader/punch con¬ 
trols used on standard ASR type TTY*s. Providing the tape control decoding on 
the cursor board eliminates the "start read", "cursor down", "cursor left" and 
"cursor up" functions. Since the screen read function is not used, the "start 
read" control is unnecessary. The "cursor down" function may be replaced with 
a "line feed". Since "line feed" and "cursor right" have full screen wrap around, 
you can work around not having a "cursor left" and "cursor up" by sending seq¬ 
uenced "line feeds" or cursor rights". Note that "cursor right" advances the 
cursor one line each time it passes thru the 32th character position. This action 
is cancelled by 15 sequential "line feeds" which is equivalent to a "cursor up". 

The recommended cursor positioning sequence is to generate a "home-up" and 
"erase EOF" (if desired) and then send out ever how may "cursor rights" and 
"line feeds" necessary to position the cursor to its desired screen location. 
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System Checkout Instructions 


The S^tem Checkout Instructions are to be used only after having re¬ 
ceived and assembled the MP-A Microprocessor/System board, MP-B Mother board, 
MP-C Serial Control Interface and the MP-P Power Supply. Set these instruc¬ 
tions aside until you have coiiq)leted the above assemblies. 

The first board that must be checked out is the MP-P Power Supply. You 
must make absolutely svire that the voltages on the power stipply board's out¬ 
put connector, J1 are correct as outlined in the following instructions. An 
error here could cause total disaster. 

Set the MP-A Microprocessor/ System board, MP-B Mother board, and the MP-C 
Serial Control Interface aside termprarily and work only with the MP-P Power 
Supply. The supply should already be attached and wired to the chassis base 
plate as it was at the completion of the MP-P Power Supply assembly instruc¬ 
tions. The chassis front panel should be positioned with its lower edge 
against but not attached to the front edge of the base plate. The three power 
switch plug-on wires should already be attached to the front panel's POWER- 
switch and there should be no connections to the front panel's RESET switch. 

The MP-B Mother board should not be clipped onto the chassis and its power 
connector must not be plugged onto the power supply board connector Jl. 

( ) Check the power supply over with the Power Supply Wiring Diagram to make 
sure all connections have been made correctly. 

( ) Check to see that all wiring connections have been soldered and that there 
are no "cold" solder joints. 

( ) Check to see that fuses Fl and F2 are installed and are in their proper 
location. 

NOTE: When going thru the following tests, do not proceed thru the check¬ 
out sequence if you have something that does not check correctly. Remove 
power and check the wiring first. If it looks OK, then reapply power and 
make whatever voltage measurements necessary to pin point the source of 
the problem. 

( ) WITH THE LINE CORD PLUG UNPLUGGED, use an ohmmeter to measure the resis¬ 
tance between lug strip TS-1 lug B on the chassis and each side of the 

Unp cord. It should measure infinite resistance (no continuity). 

( ) Jtemove the ohmmeter and plug the line cord into a wall outlet and check 

to see if the POWER switch lense is lit. If not depress the power switch. 
It should light. If not, unplug the unit and recheck your wiring. 

NOTE: On this and following checks, when the power is ON, be sure not to 

come into physical contact with any AC power line connections such as 
those to the power switch on the front panel. 

( ) With the POWER still on measure the DC voltage across the large elect¬ 
rolytic capacitor C3, which is clamped to the chassis. It should read 
somewhere between 7.5 to 9.5 volts DC. 

( ) Now, with the-POWER still on, check the -1-7 to -h8,.-12 and -H2 voltages 




right at the power supply board connector J1 using pin 9 as the ground 
reference. The MP-P Power Supply Schematic shows the pin configuration 
for the connector. The +7 to +8 voltage should measure between +7.5 to 
+9.5 VDC. The -12 and +12 voltages may vary from 12 to 15 VDC. When 
making -the voltage measurements on the power supply connector, be sure 
not to short any of the pins together. 

Unplug the unit and use the extra 100 ohm 1/2 watt resistor supplied with 
the power supply kit to discharge the large electrolytic capacitor, C3 
mounted on the chassis base plate. Hold the resistor right across the 
capacitor's lugs for about ten seconds to fully discharge it. 

Check over the MP-B Mother board to see that all connections have been 
soldered and that there are no solder "bridges" or foil "breaks." 

Orient the MP—B Mother board so its power connector so it aligns with J1 on 
edge of the chassis base plate and snap the board onto the nylon PC 
board supports. Make sure the board locks into place. 

Orient the MP-B Mother board's power connector so it aligns with J1 on 
the power supply board and press it on. Make sure the plug-on connector 
seats firmly against its mate on the power supply board. 

Take the two as yet unattached wires with the lug connectors on the end 
and attach each to one of the terminals on the RESET switch. It does 
not matter which wire connects to which terminal on the RESET switch SI 
but YOU MUST NEVER GET ANY OF THESE WIRES INTERCHANGED WITH THOSE GOING 
TO THE "POWER" SWITCH, S2. 

Use an extra wire tie supplied with the MP-P power supply kit to secure 
the two wires going to the RESET switch, SI. 

Use three evenly spaced wire ties to bundle the wiring harness going from 
the MP-B Ifother board to the power supply connector plugged onto the 
power stipply board. 

Having no boards plugged onto the MP-B Mother board again apply AC power 
to the unit. This time measure the power supply voltages right at the 
male connector pin row along the front edge of the MP-B Mother board. 

The functions of the various pins are labeled right on the PC board just 
behind the first connector pin row. Using one of the GND pins as a re¬ 
ference, the +7 VDC UNR buss should read from 7.5 to 9.5 VDC, the +12 
buss should read from 12 to 15 VDC and the -12 buss should read from -12 
to -15 VDC. Do not continue thru the checkout procedure if the measure¬ 
ments are not right. There is too great a possibility of damaging some 
rather expensive components. 

With AC power still applied, measure the power supply voltages at the in¬ 
terface male connector pin row along the right rear edge of the MP-B 
Mother board. The functions of the various pins are labeled right on the 
PC board just to the left of the edge connector strip. Using one of the 
GND pins as a reference, the +8 UNR buss (same as 7 - 8 VDC UNR buss) 
should read from 7.5 to 9.5 VDC, the +12 buss should read from 12 to 15 
VDC and the -12 buss should read from -12 to -15 VDC. 

Using one of -the GND pins as a reference, check the voltage of the far 




right pin (as viewed from the front of the chassis) of the mother board's 
voltage regulator, IC2. The reading should be +5 VDC +5%. If not, some¬ 
thing is wrong. 

( ) Remove AC power and give the large power supply capacitor about ten sec¬ 
onds to discharge down. There is no need to use the 100 ohm 1/2 watt 
"bleeder" resistor since the current drawn by the mother board components 
is sufficient to discharge the capacitor. 

NOTE: Whenever Installing or removing any of the system's plug-on boards, 
be sure the ssytem is turned OFF and has been so for at least ten seconds. 
It is also a good idea to unplug the AC wall plug for added safety. 

Avoid totK:hing the conductors on the various plug-on boards to reduce the 
possibility of static electricity damage to the various MOS semiconduc¬ 
tors. 

( ) Check over the MP-A Microprocessor/System board to see that all connec¬ 
tions have been soldered and that there are no solder "bridges" or foil 
"breaks". Intergrated circuits ICl and IC2 of the MP-A board should not 
yet be installed on the circuit board. 

( ) Looking at' the MP-B Mother board from the front of the chassis and with 
the MP-A Microprocessor/System board oriented so you are viewing the 
"TOP" side, set the board down lightly on the second connector pin row 
from the front of the Mother board. This is for convenience only, elect¬ 
rically the board may be plugged onto any one of the seven main board 
positions. Check to see that the index pin on both the MP-A board and 
MP-B board align. They should align, if not there is a mistake. 

( ) Assuming the index pin aligns, press the MP-A board down perpendicularly 
onto the mother board. Be sure the MP-A board seats firmly against the 
mother board. 

( ) Again apply AC power to the unit. Using one of the GND pins on the mother 
board as a reference, measure the voltage on the right most lead of volt¬ 
age regulator IC17 on the MP-A board. The reading should be +5 VDC +5%. 

If not, something is wrong. 

( ) Remove AC power. ^ 

( ) Check over the MP-C Serial Control Interface to see that all connections 
have been soldered and that there are no solder "bridges" or foil 
"breaks". 

( ) Looking at the MP-B Mother board from the front of the chassis and with 
the MP-C Serial Control Interface board oriented so its "BOTTOM" side 
may be viewed from the left side of the chassis, set the board down 
lightly on the interface card connector row #1. The #1 position is the 
second connector row from the far left going from left to right while the 
first is #0. This is very important! Each of the interface connector 
rows is numbered right on the MP-B Mother board along its back edge ad¬ 
jacent the connector row. 

( ) Asstmlng the index pin aligns, press the MP-C board down perpendicularly 
onto the mother board. Be sure the MP-C board seats firmly against the 
motter board.- 
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( ) Dot&le «heck to see that you just installed the MP-C Serial Control In¬ 
terface on interface card connector position #1,vthe second connector 
position from the left. 


( ) Again “apply-AC power to the unit. Using one of the GND pins on the mother 
board as a reference, measure the voltage of the uppermost lead of the 
voltage regulator, IC2 on the MP-C Serial Control Interface board. The 
reading should be +5 VDC +5%. If not, something is wrong. 

X ) If you have an oscillioscope, ixse one of ■ the GND pins on the mother board 
as a reference and look at the signals oh the 110b, 150b, 300b, 600b and 
1200b buss lines on the mother board. Younhould see semi-square waves 
po^ibly with some glitches, switching between 0 and +5 VDC. The fre- 
■quencies stK>uld-be 1758.8, 2400, 4800, 9600, 19200 Hz respectively x + 5%. 
These frequencies as well as the processor clock are all generated by 
the baud rate generator IC4 on the MP-A board and must be present for the 
system to work. If your system is not generating the various clock 
signals and you have checked the board over for solder "bridges", foil 
"breaks", correct board assembly, etc., try changing resistor R1 on the 
MP-A Microprocessor/S 3 rstem board to a 10 Meg ohm 1/4 watt resistor. In 
any case, do not continue assembly until the oscillator is working. 

( ) Remove AC powers 

( ) Remove the MP-A Microprocessor/System board by pulling up slightly on one 
comer, then the other, alternating back and forth until the entire board 
is loose. Try to avoid touching any of the connections on the board to 
reduce the possibility of damage to the MOS semiconductors. 

* 

NOTE: MOS integrated circuits are snsceptable to damage by static elect- 
ri<^ty. Although some degree os protection is provided internally within 
the integrated circuits, their cost demands_the utmost in care. Before 
opening and/or installing any MOS integrated circuits you should groimd 
your body and all metallic tools coming into contact with the leads, thru 
a 1 M ohm 1/4 watt resistor (supplied with the MP-A kit). The ground 
must be an "earth” ground such as a water pipe and not the circuit board 
ground. As for the connection to your body, attach a clip lead to your 
watch or metal ID bracelet. Make absolutely sure you have the 1 Meg ohm 
resistor connected between you and the "earth" ground, otherwise you will 
be creating a dangerous shock hazard. Avoid touching the leads of the 
Integrated circuits any more than necessary when installing them, even if 
you are grounded. On those MOS IC’s being soldered in place; the tip of 
the soldering iron shotild be grounded as well (separately from your body 
ground) either with or without a 1 Meg ohm resistor. Most soldering 
irons having a three prong line cord plug already have a grounded tip. 
Static electricity should be an important consideration in cold, dry 
environments. It is less of a problem when it is warm and humid. 

( ) Install MOS integrated circuits ICl and IC2 of the MP-A Microprocessor/ 
System board into the integrated circuit sockets following the pre¬ 
cautions outlined in the preceeding note. Orient the integrated circuits 
so the "dot" or notch on the package matches with that shown in the 
board*s coiiq)onent layout drawing. Insert the integrated circuits fol¬ 
lowing the instructions and diagrams shown in figure 1 of this instruc¬ 
tion set. Install IC2 first and then ICl. Be very careful! ICl is very 
expensive. 
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( ) Be-insert the MP-A MlcropTooessor/System board onto the mother board. 

( ) Plug your terminal device onto the I/O connector along the "TOP" edge of 
the MP-C Serial Control Interface board. The terminal and MP-C board 
should already have been configured for one another as detailed In the 
MP-C Serial Control Interface instructions. 

( ) Apply AC power to the terminal, for CT-1024 custoners, you should have 
the CT-E screen read function (If applicable) turned off and have the 
CT-S serial Interface RECEIVE ON/OFF turned ON, the TRANSMIT ON/OFF 
turned ON and the ECHO ON/OFF turned OFF. 

( ) Apply AC power to the computer system. 

If you were lucky, the cosputer should have come back with a carriage 
return, line feed and a "*" displayed on the terminal. This Is due to the 
power-up restart circuit on the board. If you system did not do this, then 
depress the manual RESET button on the front panel. Each time the button Is 
depressed the cosputer should send a carriage return, line feed and "*" to 
the terminal. 

If the terminal's cursor moves any at all, printing anything, especially 
question marks, there Is a good chance the computer is working and your problem 
Is not having the terminal's parity, bit format, or baud rate configured cor¬ 
rectly. 

If there Is no cursor movement, using GND as a reference, look at the 
output of ICl pin 2 on the MP-C Serial Control Interface with an osclllloscope. 
Each time the RESET switch Is depressed you shoxild see the transmitted bit 
train of pulses (serialized CR, LF and "*") come out this pin. If you do, 
then you should be able to trace the signal to the output connector of the 
MP-C interface, where If still present indicates a problem with the terminal 
or Its connections to the computer. If you do not see the bit train coming 
out of ICl pin 2, then your problem Is probably somewhere within the computer 
system. 


Final Chassis Assembly 


After you have Installed and checked all of the boards within the system 
Including of course the memory board(8) and optional Interface cards you 
should complete the chassis assembly. 

( ) Unplug the unit. 

( ) Attach the front and rear panels to the chassis base plate using #6 - 32 
X 1/4" screws, lockwashers and nuts. Orient the rear panel so the four 
large holes are directly behind the Interface card slots. The line card 
should he brought out the hole directly behind the power transformer. 


( ) inap the five large palsttc bushings Into the rear panel from the out¬ 
side of the panel. 


( ) Route any interface I/O cables thru the large holes in the rear panel. 



( ) You shottld have 5 wire ties left over from the MP-P assembly. Distribute 
them anywhere necessary to keep the wiring in neat bundles. 

( ) Snap the tinnerman clips over the holes on the front and rear panel edges. 

( ) Set the cover over the unit, tucking the lower edge on each end Inside 
the chassis base plate. 

( ) Position the cover so its holes align with those on the front and rear 
panels. 

( ) Place the metal trim strips around the front and rear panels sandwiching 
the cover between the trim strip and panel. Secure with If6 - 32 x 3/8” 
screws. 


In Case of Problems 


Due to the complexity of the system, it is very difficult to troubleshoot, 
even if you have the proper equipment. The best suggestion is to remove power 
and recheck the entire assembly procedure for each of the boards within the 
system. Check all of the boards with a magnifying glass if necessary for in- 
conq)lete etching, solder “bridges" and foil conductor "breaks". These pro¬ 
blems are much more likely than component failure. If you cannot find the 
problem we do have repair services available for the unit to those customers who 
have purchased the system boards including parts. We cannot repair those units 
where the customer has bought the boards only and has supplied his own com¬ 
ponents . . 





repeating Steps 1 -6. 


If the chip cannot be removed as shown, 
a pointed object such as a ball point pen 
will do the job. Insert the pen point at eith¬ 
er end of the socket and with a small 
amount of pressure the chip will pop up and 
can be removed. 















Assembly & Schematics 



Assembly Instructions MP-A Microprocessor/System Board 


Introduction 


The MP-A board is the primary logic board for the system. It is a 5 1/2" 

X 9'* double sided plated thru hole circuit board containing the 6800 micro¬ 
processor chip, the 6830 ROM which stores the Mini-Operating system and the 6810 
128 byte scratch pad memory for the ROM. There is a crystal controlled processor 
clock driver and baud rate generator providing serial interface baud rates of 110, 
150, 300, 600 and 1200 baud for all but the control interface which is op^erable 
at 110 or 300 baud. The board also contains a power up/manual reset circuit which 
loads the ROM stored operating system when activated. Full I/O buffering is 
provided for the 16 address lines and 8 bi-directional data lines with these and 
other inter-connections made to the rest of the system thru a fifty pin con¬ 
nector to the mother board (MP-B). +5 volt power for the board is supplied by 

an on board +5 volt regulator with heatsink at a total current consumption of 
0.8 A typical. 

When the SWTPC 6800 Computer System is being assembled, work on only one 
board at a time. Each of the sytem*s boards and their associated parts must 
not be intermixed to avoid confusion during assembly. The MOS integrated 
circuits supplied with this kit are susceptible to static electricity damage 
and for this reason have been packed with their leads impressed onto a special 
conductive foam or possibly wrapped in a conductive foil. In either cas^e, 
do not remove the protective material until specifically told to do so l^ter 
in the instructions. 


PC Board Assembly 


NOTE: Since all of the holes on the PC board have been plated thru, it is 
only necessary to solder the components from the bottom side of the board. The 
plating provides the electrical connection from the "BOTTOM" to the "TOP" foil 
of each hole. Unless otherwise noted it is important that none of the connections 
be soldered until all of the components of each group have been installed on the 
board. This makes it much easier to interchange components if a mistake is made 
during assembly. Be sure to use a low wattage iron (not a gun) with a small tip. 
Do not use acid core solder or any type of paste flux. We will not guarantee or 
repair any kit on which either product has been used. Use only the solder sup¬ 
plied with the kit or a 60/40 alloy resin core equivalent. Remember all of the 
connections are soldered on the bottom side of the board only . The plated-thru 
holes provide the electrical connection to the top foil. 

( ) Before installing any parts on the circuit board, check both sides of the 
board over carefully for incomplete etching and foil "bridges" or "breaks" 

It is unlikely that you will find any but should there be one especially 
on the "TOP" side of the board it will be very hard to locate and correct 
after all of the components have been installed on the board. 
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( ) Attach all of the rfesistors to the board. As with all other components unless 
noted, use the parts list and component layout drawing to locate each part 
and Install from the "TOP" side of the board bending the leads along the 
"BOTTOM" side of the board and trimming so that 1/16" to 1/8" of wire remaiiw 
Solder. You should have one IM ohm resistor left over. 

( ) Install all of the capacitors on the board. Be sure to orient the electro¬ 
lytic capacitors correctly. The polarity is indicated on the conqjonent 
layout drawing. Solder. 

( ) Install the transistors on the board. The transistors must be turned to 
match the outlines on the component layout drawing. Solder. 

( ) Attach crystal XTALl to the circuit board. It should be oriented so its 
length lies flat across the circuit board as shown in the outline on the 
component layout drawing. If the crystal has long thin wire leads, they 
may be bent down 90 degress at the base of the crystal so they fit into the 
two holes provided for the crystal on the circuit board. If the crystal 
has short heavy wire leads, solder onto and at a 90 degree angle, the 
crystal’s leads some heavy buss wire. The buss wire with the crystal attached 
may then be inserted into the board. In either case the crystal must be 
attached so its metal case could never inadvertantly come into contact with 
either the foil on the circuit board or either one of its own two leads. 
Solder. 

( ) Starting from one end of the circuit board install each of the five, 10 

pin Molex female edge connectors along the lower edge of the board. These 
connectors must be inserted from the **T0P” side of the board and must 
be pressed down firmly against the board. Make sure the body of the 
connector seats firmly against the circuit board and that each pin extends 
completely into the holes on the circuit board. Not being careful here will 
cause the board to either wobble and/or be crooked when plugged onto the 
mother board. It is suggested that you solder only the two end pins of each 
of the five connectors until all have been installed at which time if every¬ 
thing looks straight and rigid you should solder the as yet unsoldered pins. 

( ) Ipsert the small nylon indexing plug into the edge connector pin indicated by 
the small triangular arrow on the ’’BOTTOM** side of the circuit board. 

This prevents the board from being accidentally plugged onto the mother 
board incorrectly. 

( ) Install integrated circuits 105 thru IC16 and IC18 thru IC20. As each one 
is installed make sure it is down firmly against the board and solder only 
two of the leads to hold the pack in place while the other IC’s are being 
inserted. Be very careful to install each in its correct position. Do not 
bend the leads on the back side of the board. Doing so makes it very dif¬ 
ficult to remove the integrated circuits should replacement ever be necessary. 
The semicircle notch or dot on the end of the package is used for orientation 
purposes and must match with the outlines shown on the component layout 
drawing for each of the IC’s. After inserting all of the integrated circuits 
go back and solder each of the as yet unsoldered pins. 
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( ) Install Integrated circuit IC17 on the circuit board. This component must 
be oriented so its metal face is facing the circuit board with the small 
metal heatsink sandwiched between the two. The heatsink and IC are secured 
to the circuit board with a #4-40 x 1/4** screw, lockwasher and nut. The 
three leads of the integrated circuit must be bent down into each of their 
respective holes and trimmed, and the^heatsink must be oriented as shown in the 
component layout drawing. Solder. 

( ) Attach the two zero force integrated circuit sockets to the board in the 
ICl and IC2 positions only. The 40 pin socket goes in the ICl position 
while the 24 pin socket goes in the IC2 position. Orient each socket so 
the corner having the projecting tab is adjacent the pin indicated by the 
**dot** within the integrated circuit outline on the component layout 
drawing. Solder• 


NOTE: MOS integrated circuits are susceptable to damage by static electricity. 
Although some degree of protection is provided internally within the integrated 
circuits, their cost demands the utmost in care. Before opening and/or installing 
any MOS integrated circuits you should ground your body and all metallic tools 
coming into contact with the leads, thru a 1 M ohm 1/4 watt resistor (supplied 
with the kit). The ground must be an ’*earth*’ ground such as a water pipe, 
and not the circuit board ground. As for the connection to your body, attach 
a clip lead to your watch or metal ID bracelet. Make absolutely sure you have 
the 1 Meg ohm resistor connected between you and the **earth** ground, otherwise 
you will be creating a dangerous shock hazard. Avoid touching the leads of the 
integrated circuits any more than necessary when installing them, even if you 
are grounded. On those MOS IC*s being soldered in place; the tip of the soldering 
iron should be grounded as well (separately from your body ground) either with or 
without a 1 Meg ohm resistor. Most soldering irons having a three prong line 
cord plug already have a grounded tip. Static electricity should be an important 
consideration in cold, dry environments. It is less of a problem when it is warm 
and humid. 

( ) Install MOS integrated circuits ICS and IC4 following the precautions given 
in the preceding section. As each is installed, make sure it is down firmly 
against the board before soldering all of its leads. Be very careful to 
install each in its correct position. Do not bend the leads on the back 
side of the board. Doing so makes it very difficult to remove the inte¬ 
grated circuits should replacement ever be necessary. The **dot** on the 
end of the package is used for orientation purposes and must match with 
that shown on the component layout drawing for each of the IC*s. 

( ) Working from the **T0P** side of the circuit board, fill in all of the 

feed-thru*s with molten solder. The feed-thru’s are those unused holes 
on the board whose internal plating connects the ’’TOP” and ’’BOTTOM** 
circuit connections. Filling these feed-thru’s with molten solder guaran¬ 
tees the integrity of the connections and increases the current handling 
capability. 
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( ) Now that most of the components have been installed on the board, double 
check to make sure all have been installed correctly in their proper 
location. 

( ) Check very carefully to make sure that all connections have been soldered. 
It is very easy to miss some connections when soldering which can really 
cause some hard to find problems later during check out. Also look for 
solder "bridges’* and **cold** solder joints which are another common problem. 

This completes the assembly phase for the MP-A board. Integrated circuits 
ICl and IC2 should not be installed until the board goes thru a preliminary 
checkout detailed in the System Checkout Instructions supplied with the MP-B 
mother board kit. The System Checkout Instruction are used after having as¬ 
sembled the MP-A Microprocessor/System Board, MP-B mother board, MP-C serial, 
control interface, and the MP-P power supply. 

Since the MP-A circuit board now contains MOS devices it is susceptable 
to damage from severe static electrical sources. One should avoid handling 
the board any more than necessary and when you must, avoid touching or allowing 
anything to come into contact with any of the conductors on the board. 


How It Works 


The entire 6800 Computer System is built around ICl, the 6800 Microprocessor 
Unit (MPU). Most of the components within the system are used to provide the 
clocks, buffering and decoding necessary to interface to this integrated circuit. 
Complete details of the operation and specifications of ICl are contained in the 
6800 Hardware section of the System Documentation Notebook and will not be re¬ 
peated here. 

Integrated circuit IC2 is a 1024 x 8 bit read only memory (ROM) which per¬ 
manently stores the computer’s mini-operating system described in the Operating 
System section of the System Documentation Notebook. Whenever the computer system 
is first powered up or when the front panel RESET switch is depressed the computer 
jumps to this operating system firmware (programming stored in ROM) which gives 
the user terminal control. Since the mini-operating system uses only 512 words of 
the ROM, the upper 512 words have been disabled from access and the ROM operating 
system addresses have been located from E000 to EIFF inclusive. 

The ROM stored mini-operating requires a small amount of random access memory 
(RAM) for operation. It uses IC3, a 128 x 8 bit static memory. What is nice here 
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is that a large portipn of the RAM mesiory addresses are unassigt^d which meaiis 
many short,programs ^ch as the diagncstics can be loaded right into the operating 
system RAH without using any of the large MP-M static memory cards. Complete in¬ 
formation regarding the massigned RAM locations is contained in the Operating 
System section of the System Documentation Notebook..: 

IC4 is the crystal controlled clock/baud rate generator v ' 
five baud rate clock frequencies required by the control -and aerial Interfaces. 

It also generates a clock which is divided by two by half 'Of IC!^v aplit into 
two non-overlapping phases by IC18 and ICI9 buffered by transietors ; iQil rthru:<Q4 
and sent onto ICl, the MPD chip. I€i4 provide the buffeting, 
used outputs on baqd. rate generator^ 1C4.^ ,, / 

Timer Integrated circuit IGll is responsible for generating the power up/, 
manual pushbutton RESET which loads the minl^perating system stored In the ROM, 

IC2. . , - .s 

Half of D flip flop, IC20 is used for timed halting of the processor in 
direct memory access (DMA) applications. 

Integrated circuits IC5j IC6 2 ind IC7 are used as non-inverting address line 
buffers for each of the sixteen address lines, Integrated circuits IC8 ahd IC9 
are inverting bi-directional transceiver buffers for the system's eight'bi-directional 
data lines. The gates feeding the enable lines of the transceiver IC's guarantee 
the appropiate receive or transmit data buss buffers are enabled at the proper time. 

+5 VDC power for the board is supplied by voltage regulator 1C17. 
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Parts List W-A Mieroprdeessor/Syst 


Resistors 



Rl, R2, R4 

IM 

ohm 

1/4 

watt 

resistor 

R3, R7, R12, R13 

lOK 

ft 

ft 

It 

II 

R5, R6 

6.8K 

ft 

It 

If 

It 

R8, R9, R19 

IK 

II 

If 

It 

tl 

RIO, Rll 

4.7K 

If 

fl 

It 

It 

R14, R17 

10 

II 

It 

It 

If 

R15, R16 

22 

It 


It 

It 

R18 

470 

ft 

It 

It 

It 



Cl, C2, C4, C14, CIS 
C3 

—£5_ _ _ 

C6 


C7 

_4I8___ 

C9, CIO 
CM, C12 


C13 



0.1 m£d disc, capacitor 
100 mfd @15 VDC electrolytic capacitor 
0.0,1 mfd mylar capacitor 
0.1 mfd mylar capacitor 
0.47 mfd tantalum capacitor 
1000 pF polystyrene cap acitor 
33 pfd polysytrene capacitor 
120 pfd polystyrene capacitor 
1000 pfd polystyrene capacitor 



lO-l 

IG-2 

IC-3 

10-4 

IC*5, IC-6, IC-7 
IC-8, IC-9 
10-10 
IC-11 

10-12, IC-13 

IC-14 

IC-15 

IC-16 

IC-17 

IC-18 

IC-19 

10-20 n 

Ql. 

Q3, Q4r 


MC6800 MPD (MOS) 

MC6830L7 ROM (MOS) 

MC6810L-1 RAM (MOS) 

MC14411 Baud Rate Generator (ICS) 
-i»l8097 Hex Tri-State Buffer 
‘'DM8835 Quad Bi-directional Transceiver 
>-^7404 Hex Inverter 
^55 or 1455 Timer 
7400 Quad HAND gate 
74L04 HP Hex inverter 
DM8098 Hex Tri-State Buffer 
7420 Dual 4-Input HAND Gate 
7805 +5 VDC Voltage Regulator 
74H00 HS Quad HAND Gate 
74H08 HS Quad AND Gate 
7474 Dual "D" Flip-Flop 
2N5087 transistor 
2N5210 transistor 


XTAL 1 


1.7971 MHz Parallel Resonant Crystal 














^R2-0 J 

0»-C6-OV 




CI^O 

»R19*0 


0>R18-00>C13-0 


± 

K 

tm ■. 

J 


iinifii. 

IllWi 

W 

il 


III. 

r mjMjjwwii 

1 " Mm' m u U '» 

illH 1' 

« • * » « M 

1 II 

r M M 0 

mi 

M 0.M 4 

nil 

0-^ ^ 





















Assembly Instructions MP-C Serial, Control Interface 


Introduction 


The MP-C Control Interface is a 5 1/4** x 3 1/2** double sided, plated thru 
hole board which is meant to interface a serial terminal to the Computer 
System for both system control and when selected, user program input/output. 

It may be jumper configured to operate serially at either 110 baud (10 charac¬ 
ters/second) or 300 baud (30 characters/second) with an upper case ASCII 
terminal RS-232C or 20 Ma TTY compatable. Baudot coded TTY’s are not compa- 
table with this interface, they must be ASCII coded. Our CT-1024 terminal 
system kit, however, is compatable. All terminal input/output data is made 
thru a ten pin connector installed along the top edge of the board. Power for 
the board is supplied by a +5V voltage regulator and has a current consumption 
of approximately 0.2A. 

When the SWTPC 6800 Computer System is being assembled, work on only one 
board at a time. Each of the system*s boards and their associated parts must 
not be intermixed to avoid confusslon during assembly. The MOS integrated 
circuits supplied with this kit are susceptible to static electricity damage 
and for this reason have been packed with their leads impressed onto a special 
conductive foam or possibly wrapped in a conductive foil. In either case, do 
not remove the protective material until specifically told to do so later in 
the instructions. 


PC 6oard Assembly 


NOTE: Since all of the holes on the PC board have been plated thru, it 
is only necessary to solder the components from the bottom side of the board. 

The plating provides the electrical connection from the **B0TT0M** to the **T0P** 
foil of each hole. Unless otherwise noted it is important that none of the 
connections be soldered until all of the components of each group have been 
installed on the board. This makes it much easier to interchange components 
if a mistake is made during assembly. Be sure to use a low wattage iron (not 
a gun) with a small tip. Do not use acid core solder or any type of paste 
flux. We will not guarantee or repair any kit on which either product has 
been used. Use only the solder supplied with the kit or a 60/40 alloy resin 
core equivalent. Remember all of the connections are soldered on the bottom 
side of the board only . The plated-thru holes provide the electrical con¬ 
nection to the top foil. 

( ) Before installing any parts on the circuit board, check both sides of the 
board over carefully for incomplete etching and foil ’’bridges** or ’’breaks”. 
It is unlikely that you will find any but should there be on especially 
on the ’’TOP” side of the board it will be very hard to locate and correct 
after all of the components have been installed on the board. 

( ) Attach all of the resistors to the board. As with all other components 
unless noted, use the parts list and component layout drawing to locate 
each part and install from the ’’TOP” side of the board bending the leads 
along thq ’’BOTTOM” side of the board and trimming so that 1/16” to 1/8” 
of wire remains. Solder. 
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( ) Install all of the capacitors on the board. Solder. 

( ) Install the transistors and diodes on the board. The diodes must be 
turned so the banded end corresponds with that shown on the component 
layout drawing, and the transistors must be turned to match the out¬ 
lines on the component layout drawing as, well. Sandwich the nylon spacer 
between the body of transistor Q2 and the circuit board. Solder. 

( ) Starting from one end of the circuit board install each of the three, 10 
pin Molex female edge connectors along the lower edge of the board. These 
connectors miust be inserted from the "TOP-* side of the board and must be 
pressed down firmly against the board. Make sure the body of the con¬ 
nector seats firmly against the circuit board and that each pin extends 
completely into the holes on the circuit board. Not being careful here 
will cause the board to either wobble and/or be crooked when plugged onto 
the mother board. It is suggested that you solder only the two end pins 
of each of the three connectors until all have been installed at which 
time if everything looks straight and rigid you should solder the as yet 
unsoldered pins. 

( ) Following the procedure outlined above, attach the remaining 10 pin Molex 
female edge connector along the upper edge of the board. 

( ) Insert the small nylon indexing plugs into both the upper and lower edge 
connector pins indicated by the small triangular arrow on the **B0TT0M** 
side of the circuit board. This prevents the board and I/O connector 
from being accidently plugged on incorrectly. 

( ) Install integrated circuits 105 thru IC9. As each one is installed make 
sure it is down firmly against the board and solder only two of the leads 
to hold the pack in place while the other IC’s are being inserted. Be 
very careful to install each in its correct position. Do not bend the 
leads on the back side of the board. Doing so makes it very difficult 
to remove the integrated circuits should replacement ever be necessary. 

The semicircle notch, dot or bar on the end of the package is used for 
orientation purposes and must match with the outlines shown on the com¬ 
ponent layout drawing for each of the IC’s. After inserting all of the 
integrated circuits go back and solder each of the as yet unsoldered pins. 

( ) Install integrated circuit IC2 on the circuit board. This component must 
be oriented so its metal face is facing the circuit board as is secured 
to the circuit board with a //4 -40 x 1/4" screw, lockwasher and nut. A 
heatsink is not used. The three leads of the integrated circuit must be 
bent down into each of their respective holes. Solder. 

NOTE: MOS integrated circuits are susceptable to damage by static elect¬ 
ricity. Although some degree of protection is provided internally within the 
integrated circuits, their cost demands the utmost in care. Before opening 
and/or installing any MOS integrated circuits you should ground your body and 
all metallic tools coming into contact with the leads, thru a 1 M ohm 1/4 watt 
resistor (supplied with the kit). The ground must be an "earth" ground such 
as a water pipe, and not the circuit board ground. As for the. connection to 
your body, attach a clip lead to your watch or metal ID bracelet. Make abso¬ 
lutely sure you have the 1 Meg ohm resistor connected between you and the 
"earth" ground, otherwise you will be creating a dangerous shock hazard. Avoid 
touching the leads of the integrated circuits any more than necessary when 
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installing them, even if you are grounded. On those MOS IC*s being soldered 
in place, the tip of the soldering iron should be grounded as well (separate¬ 
ly from your body ground) either with or without a 1 Meg ohm resistor. Most 
soldering irons having a three prong line cord plug already have a grounded 
tip. Static electricity should be an important consideration in cold, dry 
environments. It is less of a problem when i^t is warm and humid. 

( ) Install MOS integrated circuits ICl, IC3 and IC4 following the precau¬ 
tions given in the preceding section. As each is installed, make sure it 
is down firmly against the board before soldering all of its leads. Be 
very careful to install each in it*s correct position. Do not bend the 
leads on the back side of the board. Doing so makes it very difficult to 
remove the integrated circuits should replacement ever be necessary. The 
"dot” or "notch" on the end of the package is used for orientation pur¬ 
poses and must match with that shown on the component layout drawing for 
each of the IC’s. 

( ) The board should now be jumper programmed for either 110 baud (10 charac¬ 
ters per second) or 300 baud (30 characters per second) operation. It is 
desirable to program the board for 300 baud operation if possible (RS-232 
only). For 110 baud operation jumper point "C" on the board to the "110" 
point just to the left of point "C". Also jumper point "D" on the board 
to the "110" point just to the left of point "D". For 300 baud operation 
jumper point "C" on the board to the "300" point just to the left of 
point "C". Also jumper point "D" on the board to the "300" point just to 
the left of point "D". Make these connections using two 1" pieces of 
light gauge insulated wire and attach them so they may easily be removed 
should you wish to reconfigure the board at a later time. No connections 
should be made to the "A", "B", "NMI" and "IRQ" points. 

( ) Working from the "TOP" side of the circuit board, fill in all of the 

feed-thru’s with molten solder. The feed-thru’s are those unused holes 
on the board whose internal plating connects the "TOP" and "BOTTOM" 
circuit connections. Filling these feed-thru’s with molten solder gua¬ 
rantees the integrity of the connections and increases the current hand¬ 
ling capability. Be sure not to fill in the holes marked "110", "300", 
"NMI", "A", "B" and "IRQ". 

( ) Now that all of the components have been installed on the board, double 
check to make sure all have been installed correctly in their proper 
location. 

( ) Check very carefully to make sure that all connections have been solder¬ 
ed. It is very easy to miss some connections when soldering which can 

really cause some hard to find problems later during checkout. Also look 
for solder "bridges" and "cold" solder joints which are another common 
problem. 

Since the MP-C circuit board now contains MOS devices it is susceptable 
to damage from severe static electrical sources. One should avoid handling 
the board any more than necessary and when you must, avoid touching or allow¬ 
ing anything to come into contact with any of the conductors on the board. 
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Input/Output (I/O) Connector Wiring 


Actual I/O connections are made thru the 10 pin connector along the top 
edge of the board. The 10 pin male connector should be attached to the con¬ 
trol terminal's cable as outlined in the instructions below and my be jumper 
configured for either RS-232 (TV typewriter format) or 20 Ma TTY (ASR-33 
TTY format) operation. There are nine connection points on the I/O connec¬ 
tor with the tenth used for indexing which prevents the male connector from 
being plugged on incorrectly. The function of each of the nine is abreviated 
on the "BOTTOM** side of the board beneath the connector with a detailed des¬ 
cription of each as follows: 

This is the system’s ground point and is the ’’coimnon** return line for 
the RS-232 input (RI) and output (RO) 

CO The Clock Output (CO) line is used for self clocking cassette tape in¬ 
terface systems. If you do not have a self clocking cassette tape sys¬ 
tem connected to this interface, this point must be jumpered to the 
Clock Input (Cl) point on the male connector for the system to work. 

The actual output of this line is a CMOS compatable (not TTL) square 
wave whose frequency is 1758.8 Hz when the board is programmed for 110 
baud operation and 4800.0 Hz when the board is programmed for 300 baud 
operation. 

Cl The Clock Input (Cl) is also used for self clocking cassette tape in¬ 
terface systems. If you do not have a self clocking cassette tape sys¬ 
tem connected to this interface, this point must be jumpered to the 
Clock Output (CO) point on the male connector for the system to work. 

RI The RS-232 Input (RI) is the interface’s voltage activated input which 
conforms to RS-232 specifications. It is the input to use when tying 
the computer system to the SWTPC CT-1024 Terminal System via its CT-S 
serial interface option. If you are not using the RS-232 Input (RI), 
it must be jumpered to the ground pin of the male connector. 

RO The RS-232 Output (RO) is the interface’s voltage activated output 

which conforms to RS-232 sepcifications. It is the output to use when 
tying the computer system to the SWTPC CT-1024 Terminal System via 
it’s CT-S serial interface option. When not in use leave open; do not 
jumper to ground. 

TC The TTY Common (TC) line is the "common" return line for the 20 Ma TTY 
compatable input and output and the Reader Control (RC) output. Elect¬ 
rically it is the same as the -12 VDC power supply buss. 

TO The 20 Ma TTY Output (TO) is the interface’s current activated output. 
It is the output to use when tying the Computer System to an ASR-33 
or similar TTY configured for 20 Ma full duplex operation. 

RC The Reader Control output (RO) is a line which may be used to implement 
automatic reader/punch operation on a TTY not having the "automatic" 
function already built in. It does so by activating a reed relay in¬ 
corporated into the TTY system. Complete details are given later in 
the instructions. 
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TI The TTY Input (TI) is the interface’s current activated input. It is the 
input to use when connecting the Computer System to an ASR-33 or similar 
teletype configured for 20 Ma full duplex operation. If you are not 
using the TTY Input (TI), it must be jumpered to the TTY Common (TC) pin 
on the male connector. 


Attaching the I/O Connector to the Interface 


The male I/O connector which is attached to the interface is simply a row 
of ten pins supported by a nylon base. The longer side of the male connector 
plugs onto the interface board edge connector while the cable wires going to 
the control terminal are soldered onto the shorter side of the connector. 

The cable which goes back to the interface should, if at all possible, be a 
multi-conductor cable (not supplied with the kit) with a minimum of five 
separate conductors. 

When preparing to attach the cable to the connector, first strip back 2” 
of the cable’s outer insulation. While positioning the cable in line with the 
male connector’s nylon support strip allowing the wires to extend just beyond 
the last pin on the strip, attach and solder each of the appropiate wires 
following the wiring diagram (given later in the instructions) oriented so the 
ground pin (^) is connected to the shortest wire. It is very easy to melt 
the body of the nylon connector which will loosen the pins, so be very careful 
and use a heatsink on each pin between the solder point and connector body 
where possible. After attaching all of the cable wires bend the connector 
around the cable a full 180 degrees and secure with two wire ties (supplied 
with the kit). Now cut off the indexing pin on the male connector*. 


Configuring the Interface(s) 


When operating the interface in the TTY mode you must have the serial 
control interface (MP-C) configured for 110 baud operation as was detailed 
earlier in the instructions. In this mode the interface operates at 110 baud 
with one start bit, 8 data bits (no parity) and two stop bits. TTY’s operate 
with this same fixed data format. 

When operating the interface in the RS-232 mode you may operate it at 
either 110 or 300 baud (jumper programmable as detailed earlier in the in¬ 
structions). You must of course have the terminal’s interface (CT-S board on 
the CT-1024 configured for the same baud rate. The 300 baud rate is prefer¬ 
able if your terminal will handle it. This will make future cassette tape 
stored data transfer three times faster than it would be at 110 baud operation 
No matter which baud rate you select, the terminal must be configured for 
handling 8 data bits, with bit 8 either a zero or one but preferably a 0, 
with no parity selection. There should be two stop bits for 110 baud opera¬ 
tion and one stop bit for 300 baud operation. Details for configuring the 
parity and bit arrangements of the CT-S interface on the CT-1024 terminal 
system are in the CT-S instruction set. The CT-S interface automatically 
selects two stop bits for 110 baud operation and one stop bit for 300 baud 
operation. 

This completes the assembly phase for the MP-C board. Actual checkout pro 
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cedures are given in the System Checkout Instructions provided with the MP-B 
Mother Board, however the System Assembly Instructions are used only after 
having assembled the MP~A Microprocessor/System Board, MP-B mother board, MP-C 
serial control interface and the MP-P power supply. 


RS-232 Operation (CT-1024 Users) 


If you will be operating the interface with an ASCII coded, RS-232 ter¬ 
minal such as the CT-1024 terminal system with the CT-S serial interface, you 
will have to configure both the terminal and computer interfaces for compat- 
able operation. 

To interconnect the two, make the connections illustrated in Figure 1. 

( ) Run a jumper between the TI and TC pins on the interface connector plug. 

( ) On the terminal end of the I/O cable solder two of the wires in the 

cable together. On the computer’s interface connector plug end attach 
one of these wires to the Cl pin and the other to the CO pin. 

( ) Attach another of the terminal I/O cable wires from the RS-232 output of 

the terminal’s serial interface (CT-S jack JS-l pin 6) to the RI pin on 
the computer’s interface connector plug. 

( ) Attach another of the terminal I/O cable wires from the RS-232 input of 

the terminal’s serial interface (GT-S jack JS-l pin 7) to the RO pin on 

the computer’s interface connector plug. 

( ) Attach another of the terminal l/0"cable wires from the ground of the 

terminal’s serial interface (CT-S JS-l pin 1) to the pin on the com¬ 
puter’s interface connector plug. 

( ) Be sure you have configured the baud rate and parity of both the computer 
and terminal interfaces as called for earlier in the instructions. 
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Figure I Wiring Diagram - Attaching a Seriai RS-232 Device to the MP-C or MP-S Interfaces 














Teletype® Operation (TTY) 


If you will be operating the interface with an ASCII coded Teletype^ 

(TTY), you will have to configure TTY for full duplex, 20 Ma current loop 
operation and the interface for 110 baud, TTY^operation. The interface will 
work with ASCII coded terminals only. It will not work with the older 5- 
level baudot coded terminals. 

Although you should refer to the TTY manufacturer’s documentation for 
specific details you can generally configure the TTY for full duplex, 20 Ma 
operation as follows: 

(In reference to the I/O terminal strip inside the TTY-see figure 2) 

( ) Connect the white/blue wire to terminal 5. 

( ) Connect the brown/yellow wire to terminal 5. 

( ) Connect the violet wire to terminal 9. 

(In reference to the power resistor behind the power supply inside the 
TTY) 

( ) Move the blue wire from the 750 ohm tap to the 1450 ohm tap. 

To configure the interface for 110 baud, TTY operation and for attachment to 
the TTY, make the connections illustrated in figure 2. 

( ) Run a jumper between the Cl and the CO pins on the interface connector 
plug. 

( ) Run a jumper between theand the RI pins on the interface connector 
plug. 

( ) Attach one of the TTY I/O cable wires from terminal 7 of the TTY’s ter¬ 
minal strip to the TO pin on the interface connector plug. 

( ) Run a jumper between terminals 4 and 6 on the TTY’s terminal strip. 

( ) Attach another of the TTY I/O cable wires from terminal 6 of the TTY’s 

terminal strip to the TC pin on the interface connector plug. 

( ) Attach another of the TTY I/O cable wires from terminal 3 of the TTY’s 

terminal strip to the TI pin on the interface connector plug. 

( ) Configure the MP-C serial control interface for 110 baud operation if you 
have not already done so by jumpering point ”C” on the board to the ”110” 
pad to its immediate left and jumper point ”D” on the board to the separate 
”110” pad to its immediate left. There should be no connections to either 
of the ”300” pads on the board. 
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Figure 2 Wiring Diagram - Teletype Configuring and Connections to the MP-C or MP-S Interfaces 












The board is now configured for full duplex, 20 Ma TTY operation. 

The SWTPC 6800 Computer System is designed to work with a TTY having an 
automatic reader/punch feature (under software control). If your teletype 
does not have this feature, you can add it by incorporating the following mo¬ 
difications: 

( ) Using the parts list below, the parts layout in figure 3 and the sche¬ 
matic shown in figure 5, construct the circuit on a piece of vector 
board. Note : We do not supply these parts. 


PARTS LIST: 



( 

1 EA. 

Reed Relay 

12V, 600 ohm coil 
Potter Brumfield •• 
JR-1005 or equiv. 

1 EA, 

Resistor 

470 ohm 1/2 watt 

1 EA. 

Capacitor 

0.1 mfd @600 VDC 

1 EA. 

Diode 

1N5060 or equiv. 

1 EA. 

Board 

Vector Board (2.5" 


( ) Mount the component board on the teletype using the holes in the termin¬ 
al’s mounting plate as shown in figure 4. 

( ) Refering to the schematic in figure 5, connect the relay, capacitor and 
resistor into the TTY’s circuitry. The LINE and LOCAL lines must be 
connected to the line/off/local switch as shown in figure 5. Make sure 
no voltages from the TTY are accidentally connected to the relay’s pri¬ 
mary windings. Such a voltage can damage the SWTPC 6800 Computer System. 

( ) The relay coil is controlled by the reader control line (RC) with res¬ 
pect to the TC line on the interface board, so be sure to connect the 
relay’s coil windings back to the RC and TC points on the interface con¬ 
nector plug thru the I/O cable. 


Teletype 


(D 


is a registered trademark of the Teletype Corporation. 
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Relay 


110 VAC 


470n 
7a W 


TTY Terminal Schematic Incorporating 
Automatic Reader Control 


Figure 4 


Upgrading a Teletype for 
Automatic Reader/Punch Operation 










How It Works 


The MP-C Serial Control Interface uses ICl a parallel type interface chip 
to communicate with a serial, control terminal. The actual serial encoding 
and decoding including start and stop bits is, done by the computer itself us¬ 
ing software, not hardware. The parallel interface chip is used to provide 
the latching and buffering necessary to interface to the computer to the ter¬ 
minal's serial input/output lines, (CT-S board on the CT-1024 Terminal Sys¬ 
tem) , 


In addition, two control inputs and three control outputs are provided. 

By jumpering point "C" on the board to the **110** pad to its left the board is 
configured for 2 stop bits. By jumpering point **C** on the board to the **300** 
pad to its left, the board is configured for one stop bit. This is one of the 
control inputs. The other control input is derived indirectly from the input 
fed to baud rate selection pad, point **D**, It is used for generating the 
timing signals to correctly encode and decode serial data at the selected 
baud rate. The PB0 and PB2 outputs of ICl are also indirectly used to pro¬ 
vide the timing signals for 5 stage divider, 1C3 and NAND gate 1C4, to cor¬ 

rectly encode and decode the serial data. The CB2 output is used to generate 
a **Reader Control** output which may be used for TTY*s not have inte automatic 
reader/punch function. It is also used to give program control over the input 
to output **echo** function of the interface. NAND gate ICS provides the OR ing 
of computer generated data or input **echoed** data (when enabled) so that both 
are transmited to the terminal. Optional Couplers IG7 thru 1C9 are used for 
isolation on the various interface inputs/outputs. 

Both -12 and +12 voltages are required by the interface for rS- 232/TTY 
communication. These lines are not regulated and are derived from the com¬ 
puter* s power supply board. +5 VDC power for the board is supplied by volt¬ 

age regulator 1C2. 
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Parts List MP-C Serial Control Interface 


Resistors 


Rl, R2, R3 

R4, R5 

R6 

R7 

R8 

R9 

RIO 

Rll 


Cl 

C2 


680 ohm 1/A watt resistor 
lOK " " " 

A7K . 

2.7K " " " 

I.IK ohm 1 watt resistor 
330 ohm 1/2 watt resistor 
820 ohm 1 watt resistor 
100 ohm 1/4 watt resistor 

Capacitors 

0.1 mfd mylar capacitor 
0.1 mfd disc capacitor 


Semiconductors 


Dlj D2 1N4003 silicon diode 

D3, D4 1N914/1N4148 silicon diode (sm.glass case) 

Q1 2N5210 silicon transistor 

Q2 SS1122 silicon transistor 


ICl 

IC2 

IC3 

IC4 

ICS 

IC6 

IC7 - IC9 


MC6820 peripheral interface adaptor (MOS) 
7805 5 VDC voltage regulator 
CD4024AE CMOS binary counter (MOS) 
CD4011A CMOS quad NAND gate (MOS) 

1489AJ quad RS-232 receiver 

7400 quad NAND gate 

4N33 optical coupled isolator 
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Assembly Instructions MP-B Mother Board 


Introduction 


The MP-B Mother Board is a 9” x 14** doubled sided plated thru hole board 
onto which all of the various processor boards are plugged. Provisions have 
been made for one MP-A Microprocessor/System board, up to four MP-M 4,096 
word memory boards plus two imused slots. This gives the user the ability to 
handle up to 16,384 words of memory. For those demanding even more memory, 
the 50 line buss may be paralleled onto another MP-B Mother Board with power 
supply expanding the system to a maximum of 32,768 words of random access 
memory. 

The mother board also provides the line buffering and address decoding 
for up to eight Interface boards. Although one of the eight must be the con¬ 
trol interface (serial), MP-C, the other seven may be any combination of serial 
(MP-S) and parallel (MP-L) interfaces the user may choose to have. For those 
demanding even more interfaces the 50 line processor buss may be paralleled 
onto another MP-B Mother Board with power supply expanding the interfacing to 
one control interface (serial), MP-C, plus any combination of up to fifteen 
serial (MP-S) and parallel (MP-L) interfaces. 

When the SWTPC 6800 Computer System is being assembled, work on only one 
board at a time. Each of the system’s boards and their associated parts must 
not be intermixed to avoid confusion during assembly. 


PC Board Assembly 


NOTE: Since all of the holes on the PC board have been plated thru, it 
is only necessary to solder the components from the bottom side of the board. 
The plating provides the electrical connection from the ’’BOTTOM** to the ’’TOP** 
foil of each hole. Unless otherwise noted it is important that none of the 
connections be soldered until all of the components of each group have been 
installed on the board. This makes it much easier to interchange components 
if a mistake is made during assembly. Be sure to use a low wattage iron (not 
a gun) with a small tip. Do not use acid core solder or any type of paste 
flux. We will not guarantee or repair any kit on which either product has 
been used. Use only the solder supplied with the kit or a 60/40 alloy resin 
core equivalent. Remember all of the connections are soldered on the bottom 
side of the board only. The plated-thru holes provide the electrical con¬ 
nection to the top foil. 

( ) Before installing any parts on the circuit board, check both sides of the 
board over carefully for incomplete etching and foil ’’bridges" or ’’breaks. 
It is unlikely that you will find any but should there be one especially 
on the "TOP" side of the board it will be very hard to locate and cor¬ 
rect after all of the components have been installed on the board. 

( ) Attach all of the resistors to the board. As with all other components 
unless noted, use the parts list and component layout drawing to locate 
each part and-install from the "TOP" side of the board bending the leads 
along the "BOTTOM" side of the board and trimming so that 1/16" to 1/8" 
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of wire remains. Solder. 


( ) Install all of the capacitors on the board. Solder. 

( ) Install each of the 59, 10 pin Molex male connectors oriented so the 
shorter pinned side fits into the holes provided on the mother board. 

These connectors must be inserted from the "TOP" side of the board and 
must be pressed down firmly against the board. Make sure the body of 
the connector seats firmly against the circuit board and that each pin 
extends completely Into the holes on the circuit board. Not being care¬ 
ful here will cause the plug-on boards to be less rigid. Do not solder 
the pins adjacent the dotted lines shown in the component layout drawing. 
It is suggested that you solder only the two end pins of each of the 
fifty nine connectors until all have been'installed at which time if 
everything looks straight and rigid you should solder the as yet un¬ 
soldered pins still excluding the ones adjacent the dotted lines on the 
component layout drawing. 

( ) Using a pair of wire cutters, cut off the "INDEX" pin on each of the 

seven main board and eight interface board male connector strips. Each 
row is pointed out by the word "INDEX" printed right on the "TOP" side of 
the mother board. Be very careful when doing this . Do not cut off any¬ 
thing other than the "INDEX" pins. You cannot afford to make a mistake 
here. These "INDEX" locations prevent the various plug-on boards from 
being plugged on incorrectly later during assembly. 

( ) Install each of the integrated circuits excluding IC2. As each one is 
installed make sure it is down firmly against the board and solder only 
two of the leads to hole the pack in place while the other IC*s are be¬ 
ing inserted. Be very careful to install each in its correct position. 

Do not bend the leads on the back side of the board. Doing so makes it 
very difficult to remove the intergrated circuits should replacement ever 
be necessary. The semicircle notch or dot on the end of the package is 
tised for orientation purposes and must match with the outlines shown on 
the component layout drawing for each of the IC's. After inserting all 
of the integrated circuits go back and solder each of the as yet un¬ 
soldered pins. 

( ) Install integrated circuit IC2 on the circuit board. This component must 
be oriented so its metal face is facing the circuit board with the small 
metal heatsink sandwiched between the two. The heatsink and IC are secur¬ 
ed to the circuit board with a #4 - 40 x 3/8" screw, lockwasher and nut. 
The three leads of the integrated circuit must be bent down into each of 
their respective holes and the heatsink must be orientated as shown in 
the component layout drawing. Solder. 

( ) Remove any oxidation from the copperon the two mother board support 

strips using a piece of Scotchbrite® . Take the shorter of the two and 
position it on the "BOTTOM" side of the mother board along the main board 
GND buss and perpindicular to the mother board as indicated in the compo¬ 
nent layout drawing. It should be oriented with it's copper edges against 
the "BOTTOM" side of the mother board, extending from the first to the 
seventh main board connection rows. Solder the as yet unsoldered con¬ 
nector pins adjacent the strip making sure the strip is soldered in 
place as well. Make sure the strip remains firmly against the PC board 
while soldering. Now take the longer of the two strips and position it 
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against the “BOTTOM** side of the mother board parallel to and in the 
center of the +8 UNR interface buss as indicated in the component lay¬ 
out drawing and attach like the first strip. These strips provide rigid¬ 
ity and support for the mother board and prevent the mother board from 
bottoming out when the plug-on boards are installed. 

( ) Working from the **TOP** side of the circuit board, fill in all of the 

feed-thru’s with molten solder. The feed-thru*s are those unused holes 
on the board whose internal plating connects the **TOP** and **BOTTOM** 
circuit connections. Filling these feed-thru’s with molten solder guaran¬ 
tees the integrity of the connections and increases the current handling 
capability. Do not fill in the 16 holes on the edge of the board that are 
to be used for wiring connections. 

( ) Now that all of the components have been installed on the board, double 
check to make sure all have been installed correctly in their proper 
location. 

( ) Check very carefully to make sure that all connections have been solder¬ 
ed. It is very easy to miss some connections when soldering which can 
really cause some hard to find problems later during checkout. Also look 
for solder “bridges** and **cold** solder joints which are another common 
problem. 

This completes the assembly phase for the MP-B board. Checkout instruc¬ 
tions for the board are provided with the System Checkout Instructions supplied 
with this kit. The System Checkout Instructions are used after having assem¬ 
bled the MP-A Microprocessor/System Board, MP-B mother board, MC-C serial con¬ 
trol interface, and the MP-P power supply. 


How It Works 


The only circuitry on the MP-B Mother board is that tying the various in¬ 
terface cards to the system’s interface information buss. ICl is a non-inver¬ 
ting buffer used to drive selected control lines feeding the interface cards. 
One of eight decoders ICS and IC6 decode and enable one of eight interface 
cards when one of the interface addresses is loaded to the 50 line system 
information buss. 

Since the eight bit data buss for the main boards as well as the inter¬ 
face cards is bi-directional, bi-directional transceiver buffers IC7 and ICS 
buffer the incoming and outgoing data to and from the interface data buss to 
the system’s data buss. Gates within NAND gate IC4 and NOR gate IC5 control 
the direction of data flow within the transceiver/buffers. +5 TOC power for 

the interface decode/buffer circuitry is provided by voltage regulator IC2. 

+5 TOC power for all of the plug-on boards, including interfaces is pro¬ 
vided by separate regulators on each board. 

The following is a brief description of each of the fifty lines on the 
system information buss: 

The DO - D7 lines carry inverted data bits 0 thru 7 respectively 
forming 8 bit data words which are exchanged between the various 
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DO - D7 




AO - A15 


GND 

7-8 
VDC UNREG 
OR 

+8 UNR 

-12, +12 


INDEX 


M. RESET 


NMI 


IRQ 


UDl, UD2 


h 


VMA 


R/W 


boards withi# the system. 




The AO - Al^;lines' ^rry addSt^ss'bits 0 thru 15 respectively form¬ 
ing a 16 bit^ddres^4which il^fy^ed to define either a memory loca- 


tion or intet^ape addiresav 

The GND line' is the system's 4om^n of power supply ground point. 

The 7-8 VDG UNREG point is the line to which a +7 to 8 volt DC 
@10 A unregulated power supply should be attached. This voltage 
is then regul^ated do^ to +5i^C by independent regulators on the 
various boards withih the system. 

The -12 and +12 poia^a are lines to which an isolated ground -12 
@200 Ma and +12 @200 Ma power supply should be connected. The 
voltages are mecesiMiry fpr ge§ftr@.ting the, currents required by 20 
Ma current Idfdp ahdft|^-»2§2 e$^.^ent on the MP-C control and MP-S 
serial interf aces^ 

The INDEX is an ududdd provided so the pin on each of 

the male connectors ijay be cut with the corresponding female con¬ 
nector pins’|(;|ngged, preyent:i.n^ the circuit boards from being 
plugged on inelltre.eiily^ t 

The MANUAL Rfe^gf line when mon^ntar'ily grounded indirectly resets 
the registers^^^l^rnal t^thd ptoceisorland interfaces, and loads 
the ROM stored ^ni-operating system, this line is normally 
grounded by'^epressing the RESET button on the system's front 


panel. 


Sf 






The NMI is thf i^ri|ifiLska^|v sij^le level interrupt line feeding 
the processor bc^d* Wh^ mo^en^Srily grounded it forces the pro¬ 
cessor into a pusb^down stack, stbre routine, followed by a program 
jum p to a usef se|^ted address istored in the operating system RAM, 
The NMI is n|^ mas^ble thus cannot be inhibited by the programmer 
thru softwarS^ 


The IRQ is the maskable, single level interrupt request line 
feeding the processor board. If not inhibited by software it 
will when motientarily grounded force the processor into a push¬ 
down stack, $tore routine followed by a program jump to a user 
selected address stored in the operating system RAM. 


The UDl and UD2^ are user defined lines and have not been assigned 
a function. 

02 is one of' the two complementary system clock outputs and is 
used to signal that valid data is on the data lines DO - D7 when 
low. 


VMA is the valid memory address line which goes low to confirm 
that valid memory data is being presented on the sixteen address 
lines, AO - A15. 

The READ/WRITE line establishes the direction of data flow on the 
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RESET 


the eight data lines, DO - D7. It is high for a read from memory 
or interface and is low for a write to memory or interface. 

The RESET line when low resets the registers internal to the pro¬ 
cessor and Interfaces, and loads the ROM stored mini-operating 
system. This line is activated'by a one shot on the Microprocessor/ 
System board when the system is first powered up or when M. RESET 
line is momentarily grounded. 

BA The BUS AVAILABLE line goes high acknowledging a processor halt 

meaning the processor has stopped aid that the system information 
biis is available for external control. 

.r V 

HALT The normally high HALT line when bTOught low halts the processor 

and frees the system information b^s for external control. 

0j^ is the non-overlapping clock complement of 02 . 

110b,150b These five lines carry the clocks required by the serial interfaces 
300b,600b for 110, 150', 300, 600 and 1200~bai*d communication. 

1200b 

f 

Attached to the 50 line system information buss are the interface decode 
and driver circuits. A considerable dost savings is made by providing the 
address decoding and information buss buffering for all of the Interfaces right 
bn the mother board instead of providing it on each of the interface boards 
individually. Since each of the parallel interfaces require four address lo¬ 
cations and the serial two, four addresses are h>tovided for each of the inter¬ 
face positions. They are assigned as shown In'tthe memory map, figure 1. 
Interface position 1 (8004 - 8007) is reseirved for the terminal, control in¬ 
terface. The signals carried on the interfacejinformation buss are almost 
identlal to those on the system buss. UD3 and UD4 are here again User Defined 
data lines and RSO and RSI are Register select lines which are identical to 
address line A0 and A1 respectively. 
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Figure 1 



























Parts List MP-B Mother Board 


Resis tors 


R1 - R6, RIO 
R7, R8 
R9, Rll, R12 


470 ohm 1/4 watt resistor 
6 .8 k ohm 1/4 watt resistor 
IK ohm 1/4 watt resistor 


Capacdtors 


Cl 


C.1 mfd disc capacitor - 


Integratec Circuits 


IC-1 

rM8097/74367/74LS367 

IC-2 

T805 +5 VDC Voltage Regulator 

IC-3, IC-6 

74S138 1 of 8 decoder 

IC-4 

T 400 Quad HAND Gate 

IC-5 

7402 Quad NOR Gate 

IC-7, IC-8 

IM8835/DS8835 





Schematic - MP-B Mother Board 
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M-16X STfiTIC MEMORV BOARD 


INTRODUCTION 

Th9 Smok* Signal Broadcasting <SS6> static memory board 
<M-16X> provides 16K bytes of random access memory <RAI1>. The 
M~16X can be configuired to fit a number of different 
requirments. The I1-16X can be addressed to occupy a 16K byte 
block of memory starting on any 4K byte boundary. The M--16X may 
also be enabled to occupy any 16K byte block of memory in a ill 
byte memory space starting on any 4K byte boundary. This ill byte 
memory space is organized as 16 64K memory pages. One extra 
option on the I1-16X memory board is four switches that allows the 
user to disable any 4K block of memory on the memory board. This 
feature would allow another memory device to occupy the same 
memory space as the disabled memory block. 

ADDRESSING THE «~16X 


The M-i6X can be switch selected to any 4K block of memory 
by switching the corresponding switch in the switch block SS. 


MEMORV ADDRESSING SWITCH BLOCKVS2 



SWITCH SETTING 

BEGINNING 

ENDING 

S5 

S6 

S7 

S8 

ADDRESS 

ADDRESS 

OFF 

OFF 

OFF 

OFF 

eeee —. 

- 3FFF 

OFF 

OFF 

OFF 

ON 

1000 

4FFF 

OFF 

OFF 

ON 

OFF 

2000 

5FFF 

OFF 

OFF 

ON 

ON 

3000 

6FFF 

OFF 

ON 

OFF 

OFF 

4000 — 

- 7FFF 

OFF 

ON 

OFF 

ON 

5000 

8FFF 

OFF 

ON 

ON 

OFF 

6000 

9FFF 

OFF 

ON 

ON 

ON 

7000 

AFFF 

ON 

OFF 

OFF 

OFF 

8000 

BFFF 

ON 

OFF 

OFF 

ON 

9000 

CFFF 

ON 

OFF 

ON 

OFF 

A000^- 

- DFFF < 

ON 

OFF 

ON 

ON 

B000 

EFFF 

ON 

ON 

OFF 

OFF 

C000 

FFFF 

ON 

ON 

OFF 

ON 

D000 

0FFF 

ON 

ON 

ON 

OFF 

E000 

IFFF 

ON 

ON 

ON 

ON 

F000 

2FFF 



y ^ 


cX- 


PAGE ADDRESSING SELECT 


The PAGE ADDRESSING feature is controlled by switch Sl-5. 
With switch Sl-5 off the page addressing <extended addressing> is 
off. With switch Sl-9 on the page addressing is on. The page 
addressing should be disabled if the cpu board installed in the 
system does not have the capabilities to generate the extra 
address lines A16 - A19. These extra address lines are usable 
with the cpu board available from SSB/ the SCB-68 or the SCB-69. 
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PRGE RDDRESSZNG SMITCH 

SWITCH SETTING PAGE 


Si 

S2 

S3 

S4 

NUMBER 

OFF 

OFF 

OFF 

OFF 

15 

OFF 

OFF 

OFF 

ON 

14 

OFF 

OFF 

ON 

OFF 

13 

OFF 

OFF 

ON 

ON 

12 

OFF 

ON 

OFF 

OFF 

11 

OFF 

ON 

OFF 

ON 

le 

OFF 

ON 

ON 

OFF 

9 

OFF 

ON 

ON 

ON 

8 

ON 

OFF 

OFF 

OFF 

7 

ON 

OFF 

OFF 

ON 

6 

ON 

OFF 

ON 

OFF 

5 

ON 

OFF 

ON 

ON 

4 

ON 

ON 

OFF 

OFF 

3 

ON 

ON 

OFF 

ON 

2 

ON 

ON 

ON 

OFF 

1 

ON 

ON 

ON 

ON 

0 


MEMORV BLOCK SELECT 

The switch block SI can be used to disable any 4K byte block 
of memory on the M~16X by openning the corresponding switch in 
the switch block SI. 

MEMORV BLOCK SELECT SWITCH BLOCK SI 


SWITCH 

4K BLOCK 

MEMORV GROUP 

SI 

FIRST 

U1 - U8 

S2 

SECOND 

U9 - U16 

S3 

THIRD 

U17 - U24 

S4 

FOURTH 

U25 - U32 


POWER REQUIRMENTS 

The M-i6X requires 5 volts 0 1. 8 amps. 

NOTE- The input voltage to the M-16X must be above 7. 5 V. If 

this input voltage falls below 7. 5 V# the data stored 
in the M-16X may be lost. 

INSTALLATION 

Installing the M-16X is accomplished by selecting the memory 
address space of the board and selecting any desired options then 
installing the board on an SS-50 bus computer system. If the 
M-16X is not to be used with the paging or extended addressing/ 
turn switch Sl-5 off. If any 4K byte block of memory is to be 
used by another external memory device/ turn the appropriate 
switch in the switch block SI off. 
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Exampl*: If th« memory space of the M-16X is selected for the 
>C000 - ♦FFFF range/ switches SS-3 and 6 would be off 
and switches SS*~7 and 8 would be on. Switch 81*-9 would 

normally be off <no extended addressing). If there 

were ROM located at SE000 - ♦E7FF ^ CSMflRTBUG ADDRESS 

RANGE) switches SI-*!/ 2 and 4 would be on and switch 

Sl-3 would be off. 

HOU IT ALL MORKS 

The M-16X is a 16K byte random access memory deuice and 
contains 3S 4K static memory chips <TMS 4044) U1 - 32. The 

memory chips are organized in an 8 X 4 array with column 1 

<01/9/17 and 25) corresponding to bit 0 of the data bus and 
column 8 <08/16/24 and 32) corresponding to bit 7. The chips in 
row 1 <01-8) are the fourth 4K byte block of memory and the chips 
in row 4 <025-32) are the first 4K byte block of memory. 

036 <74LS283) is used to decode a 4K byte address boundary. 
036 allows the user to move the M-16X to any 4K boundary and 
still keep each row in the same order with row 1 <01-8) as the 
highest 4K byte block of memory and row 4 <025-32) as the lowest 
4K byte block of memory. 

The signals El and 2 from 036 are used to drive the input 
signals to the 1 of 8 decoder 039 and the signals E3 and 4 from 
036 are used to gate the 1 of 8 decoder. Mhen the address lines 
A12-15 match the switch setting on switches S2-8 - 5/ the signals 
E3 and 4 go low and if the output signal from 040 pin 8 is low/ 
the output from 040 pin 12 goes high. 

038 <74LS85) is used to decode the page or extended address 
on the address bus. Mhen . the address lines A16-19 match the 
switch setting of switches S2-4 - 1/ the output signal from 038 
pin 6 goes high which in turn is inverted by 040 pin 8. Mith the 
switch Sl-5 off or open/ the output of 040 pin 8 is allways low. 
This disables the page or extended addressing feature of the 
M-16X. 

039 <74LS138) is a 1 of 8 decoder and is used to decode a 1 

of 4 row address for the memory bank. 035 <74LS20) is used to 
gate one of the row select lines from 039. Mhen one of the 
select lines from 039 goes low/ and the corresponding switch in 
the switch block SI is on/ then 035 pin 8 goes high. 

040 <74LS27) is used to gate the control lines VMA and PHASE 
2 with the row select signal from 035 pin 8. The output from 040 
pin 6 is in turn used to gate the R/M line in 037. 

The bi-directional transceivers 033 and 34 <D88833> are used 
to buffer and control the data lines D0 - 8 on the memory board. 
Mith pins 7 and 9 of 033 and 34 high/ the transceivers are in the 
high impedance mode and no data is placed on the bus. Mhen the 
output of 037 pin 8 goes low/ the transceivers <033 - 34) are 
placed in the READ mode and data from the memory chips are placed 
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on th« data bus during phaso S of tha memorg accass period 

of tha board. When tha output of U37 pin 18 goes lou/ the 
transceivers <U33 -* 34> are placed in the MRITE mode and data is 
read of the system data bus and written into the selected memory. 

U41 and 4S are address buffers and they buffer address lines 

ne-ii. 

LIMITED MftRRflNTEE 

Smoke Signal Broadcasting will repair or replace any 
defective M-i6X returned to it within 90 days of purchase 
provided that/ in our opinion/ the damage or defect was not 
caused by a malfuction in the computer or other device in which 
it was installed and that is was not mishandled. Our warrantee 
extends to the repair or replacement only and we will not be 
liable for any conseqential damages incurred by the user of an 
M-16X. 

REPAIRS 

Outside of the 90 day warrantee period/ there is a flat t35 
fee for repairs to the M-16X provided there is no physical damage 
to the circuit board and that there is no more than one memory 
chip that needs to be replaced. To return a board for repair/ 
enclose a check for t35 with the board and send to: 

Smoke Signal Broadcasting 

31336 Via Colinas 

Mast lake Village/ Ca. / 91361 

If the board does not qualify for the flat rate fee/ you 
will be notified and an estimate will be given before any work is 
done on the board. Otherwise/ it will be repaired promptly and 
returned. 
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PfiRTS LIST 


U1 

TMS4044 

4K 

X 

1 

RRM 

US 

TMS4044 

4K 

X 

1 

RR« 

U3 

TMS4044 

4K 

X 

1 

RRM 

U4 

TMS4044 

4K 

X 

1 

RRM 

U5 

TMS4044 

4K 

X 

1 

RRM 

U6 

TMS4044 

4K 

X 

1 

RRM 

U7 

TMS4044 

4K 

X 

1 

RRM 

U8 

TMS4044 

4K 

X 

1 

RRM 

U9 

TMS4044 

4K 

X 

1 

RRM 

U10 

TMS4044 

4K 

X 

1 

RRM 

Ull 

TMS4044 

4K 

X 

1 

RRM 

UlS 

TMS4044 

4K 

X 

1 

RRM 

U13 

TWS4044 

4K 

X 

1 

RRM 

U14 

TMS4044 

4K 

X 

1 

RRM 

UlS 

TMS4044 

4K 

X 

1 

RRM 

UlS 

TMS4044 

4K 

X 

1 

RRM 

Ul? 

TMS4044 

4K 

X 

1 

RRM 

UlS 

TMS4044 

4K 

X 

1 

RRM 

UlS 

TMS4044 

4K 

X 

1 

RRM 

use 

TMS4044 

4K 

X 

1 

RRM 

USl 

TMS4044 

4K 

X 

1 

RRM 

uss 

TMS4044 

4K 

X 

1 

RRM 

US3 

TMS4044 

4K 

X 

1 

RRM 

US4 

TMS4e44 

4K 

X 

1 

RRM 

uss 

11184044 

4K 

X 

1 

RRM 

use 

TMS4044 

4K 

X 

1 

RRM 

US7 

TMS4044 

4K 

X 

1 

RRM 

uss 

TMS4044 

4K 

X 

1 

RRM 

uss 

TMS4044 

4K 

X 

1 

RRM 

U30 

TMS4044 

4K 

X 

1 

RRM 

U31 

TMS4044 

4K 

X 

1 

RRM 

U3S 

TMS4044 

4K 

X 

1 

RRM 

U33 

DS8S35 

QURD 

BI>DIRECTIONRL TRRNSCEIVER 

U34 

DS8835 

QURD 

BI-OIRECTIONRL TRRNSCEIVER 

U35 

74LSS0 

S QURD 

INPUT NRND GRTE 

U36 

74LSS83 

FOUR 

BIT RDDER 

U37 

74LS10 

3 THREE INPUT NRND GRTE 

U38 

74LS85 

FOUR 

BIT COMPRRITOR 

U3S 

74LS138 

ONE OF 

EIGHT DECODER 

U40 

74LSS7 

3 THREE INPUT NOR GRTE 

U41 

74LS367 

HEX NONINVERTING BUFFER 

U4S 

74LS367 

HEX NONINVERTING BUFFER 


Cl 

. 1 uf 

CflPflCITOR 

CS 

. 1 uf 

CRPRCITOR 

C3 

. 1 uf 

CRPRCITOR 

C4 

. 1 uf 

CRPRCITOR 

C5 

. 1 uf 

CRPRCITOR 

C6 

. 1 uf 

CRPRCITOR 

C7 

. 1 uf 

CRPRCITOR 

CS 

. 1 uf 

CRPRCITOR 
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C9 . 1 wf CflPfiCITOR 
C10 10 uf 16 V CfiPflCITOR 
Cll 10 uf 16 V CfiPflCITOR 


51 5 SPST DIP SWITCH 

52 8 SPST DIP SWITCH 


Z1 IK 6 PIN RESISTOR PACK 

Z2 IK 10 PIN RESISTOR PACK 


VRl LM323K 5 VOLT REGULATOR 
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16K STATIC MEMORY! 



























































16K STATIC MEMORY 




























































Assembly Instructions MP-M Memory Board 


Introduction 


Tbe NP-M Hffittoxy Board is a 3 1/2'* x 9" d<mble sided plated thru hole board 
vitb a total storage capability of 4,096 words of 8 bit random asscess memory. The 
klt« however, is supplied with only half (2^048 words) of it's memory capacity. 

To bring the board to maximum capacity, you must purchase the MP-MX memory 
memory expansion kit. The circuitry on the board provides all of the address de¬ 
coding and data line buffering to handle a total of 32 (IK bit x 1 bit) 2102 type 
static random access menwries. All interconnections to the system are made via 
a 50 pin connector to the Mother Board (MP-B) . -1-5 volt power for the board is 
supplied by a on board regulator with heatsink for each 2,048 words of merory. 
Current consumption is approximately 0.75 A for every 2,048 words of memory. 

Although this board is supplied with the MP-6800 Package, it is not necessa^ 
to have this board installed for system checkout. In fact this board should 
not even be installed when the system is first operated. All Random Access* 

Memory (RAM) required by the mini-operating system is in the 6810 RAM memory 
chip on the MP-A Microprocessor^Svstem Board. For this reason you may wish 
to delay assembling this board until you have the rest of the system up and 
running. 

When you do assemble the board you will find that because of the small con¬ 
ductors and pads used, you will need a 15 - 25 watt solctering iron for small 
solder connections in addition to a 30 - 50 watt iron which must be used on 
larger solder connections. 

Of all the boards in the Computer System, the memory board requires the 
greatest soldering care. After making each solder connection check to make 
sure you haven’t created any solder "bridges". 

When the SWTPC 6800 Computer System is being assembled, work on only one 
board at a time. Each of the system’s boards and their associated parts must 
not be intermixed to avoid confusion during assembly. The MOS integrated 
circuits supplied with this kit are susceptible to static electricity damage 
and for this reason have been packed with their leads impressed onto a special 
conductive foam or possibly wrapped in a conductive foil. In either case, do 
not remove the protective material until specifically told to do so later in 
the instructions. 


PC Board Assembly 


NOTE: Since all of the holes on the PC board have been plated thru, it is 
only necessary to solder the components from the bottom side of the board. The 
plating provides the electrical connection from the "BOTTOM" to the "TOP" foil 






of each hole. Unless otherwise noted it is is^ortant that none of the con¬ 
nections be soldered until all of the coi^onents of each group have been 
Installed on the board. This makes it much easier to interchange components 
if a mistake is made dtiring assembly. Be sure to use two separate soldering 
irons as mentioned in the Introduction; one for small connections, the other 
for large ones. Do not use acid core solder or any type of paste flux. We 
will iK>t guarantee or repair any kit on which either product has been used. 

Use only the solder supplied with the kit or a 60/40 alloy resin core equi¬ 
valent. Rememb er all of the connections are soldered on the bottom side of 
the board only . The plated thru holes provide the electrical connection to 
the top foil. 

( ) Before installing any parts on the circuit board, check both sides of the 
board over carefully for incomplete etching and foil "bridges" or "breaks". 

It is tmlikely that you will find any but should there be one especially 
on the "TOP" side of the board it will be very hard to locate and correct 
after all of the components have been installed on the board. 

( ) Attach all of the resistors to the board. As with all other components unless 
noted, use the parts list and component layout drawing to locate each part 
and install from the "TOP" side of the board bending the leads along the 
"BOTTOM" side of the board and trimming so that 1/16" to 1/8" of wire 
remains. Solder. 

( ) Iiffitall all of the capacitors on the board. Be sure to orient the electro¬ 
lytic capacitors correctly. The polarity is indicated on the component 
layout drawing. Solder. 

( ) Starting from one end of the circtiit board install each of the five, 10 

pin Molex female edge connectors along the lower edge of the board. These 
connectors must be inserted from the "TOP" side of the board and must 
be pressed down firmly against the board. Make sure the body of the 
connector seats firmly against the circuit board and that each pin extends 
coig)letely into the holes on the circuit board. Not being careful here 
will cause the board to either wobble and/or be crooked when plugged onto 
the mother board. It is suggested that you solder only the two end pins 
of each of the five connectors until all have been installed at which 
time if everything looks straight and rigid you should solder the as yet 
imsoldered pins. 

( ) Insert the small nylon indexing plug into the edge connector pin Indicated 
by the small triangular arrow on the "BOTTOM" side of the circuit board. 

This prevents the board from being accidentally plugged onto the mother 
board incorrectly. 

( ) Install integrated circuits IC18 thru IC24. As each one is installed 

make sure it is down firmly against the board and solder only two of the 
leads to hold the pack in place while the other IC's are being inserted. 








( ) Enter and run the ROBIT and MEMCON memory diagnostic programs listed in the 
software section of the System Documentation Notebook. Use the tables listed 
at the end of this instruction set to determine the proper starting and ending 
memory addresses to be entered for the programs. For example, if the memory 
board to be tested is board address selected #0 and the board has only 2,048 
words of the 4,096 word memory capacity, then the lowest address on the 
board is 0000 and the highest address is 07FF. If the board had the full 
4,096 words of memory then the highest address would be 0FFF. If either 
of the programs indicate errors, you can re-run the diagnostics on 1,024 
word increments of memory to help pinpoint the source of the problem. 

There is always the chance of a bad IC but experience has shown that most 
problems will be the result of a solder or foil conductor ’^bridge” or 
"break**. So get out the magnifying glass and check the board over very 
carefully if you have problems. 


How It Works 


Each of the memory chips on the board is a 1 x 1024 bit static random access 
memory IC storing one of the eight bits of each word within one of the four, 1,024 
word memory quadrants. The actual bit and quadrant assignment of each memory 
IC is given in the table at the end of this instruction set. The ten address lines 
Ao thruAq, as well as the R/W of all of the memory IC*s on each board are paralleled. 
Because of the large capacitances generated by this paralleling, integrated circuits 
IC18 and IC19 are used as non-inverting buffers to drive the forementioned lines. 

The actual address selection for each of the four, eight bit 1,024 word quadrants 
is done using 1 of 8 decoders IC22 and IC23 feeding the paralleled chip enable 
(CE) lines on each of the eight integrated circuits within each quadrant. 

Since the eight bit data buss for the computer system is bi-directional, bi¬ 
directional transceiver/buffers IC20 and IC21 buffer the incoming and outgoing data 
to and from the memory board to the data buss. Integrated circuit NOR gate, IC24 
B, C and D enable the outgoing sections of the bi-directional transceivers IC20 
and IC21 at the appropiate times while the incoming sections of the bi-directional 
transceivers are enabled at all times since the memory IC*s have separate input/ 
output lines. 4-5 volt power for the lower 2,048 words of memory (ICl - IC16) 
plus the decoders and buffers (IC18 - IC24) is supplied by voltage regulator IC17. 

+5 volt power for the upper 2.048 words of memory (IC25 - IC40 where applicable) 
is supplied by voltage regulator IC41. The various capacitors are used on the 
board to reduce power supply buss noise. 




Parts List - MP-M Memory Board 


Resistors 


R1 


IK ohm 1/4 watt resistor 


Capacitors 


Cl 100 mfd @16 volt electrolytic capacitor 

C2 - C5 0.1 mfd disc capacitor 


Semiconductors 


IC-1 - 
IC17 

IC-16 

2102-1 or 2 Static random access memory (MOS) 
7805 5V lA regulaJtor 

DM8097 TRI-STATE ® he^uf fer 

IC-18, 

IC-19 

IC-20, 

IC-21 

DM8835 Quad TRI-STATE®transceiver 

IC-22, 

IC-24 

IC-23 

74S138 3 to 8 line decoder 
'7402 Quad 2 input NOR gate 
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Be very carefvtl to install each in its correct position. Do not bend 
the leads on the back side of the board. Doing so makes it very difficult 
to remove th^' integrated circuits should replacement ever be necessary. 

The semicircle notch or dot on the end of the package is used for orienta¬ 
tion purposes and must match with the outlines shown on the coiiq>onent lay¬ 
out drawing for each of the IC's. After inserting all of the integrated 
circuits go back and solder each of the as yet unsoldered pins. 

( ) Install integrated circuit IC17 on the circuit board. This component must 
be oriented so its metal face is facing the circuit board with the small 
metal heatsink sandwiched between the two. The heatsink and IC are secured 
to the circuit board with a - 40 x 1/4" screw, lockwasher and nut. The 
three leads of the integrated circuit must be bent down into each of their 
respective holes and the heatsink must be oriented as shown in the com¬ 
ponent layout drawing. Solder. 

!I0TE: MOS integrated circuits are susceptable to damage by static electricity. 
Although some degree of protection is provided internally within the Integrated 
circuits, their cost demands the utmost in care. Before opening and/or installing 
any 1®)S integrated circuits you should ground your body and all metallic tools 
coming into contact with the leads, thru a 1 M ohm 1/4 watt resistor (supplied 
with the kit). The ground must be an "earth" ground such as a water pipe, 
and not the circuit board ground. As for the connection to your body, attach 
a clip lead to your watch or metal ID bracelet. Make absolutely sure you have 
the 1 >feg ohm resistor connected between you and the "earth" ground, otherwise 
you will be creating a dangerous shock hazard. Avoid touching the leads of the 
Integrated circuits any more than necessary when installing them, even if you 
are grounded. On those MDS IC's being soldered in place; the tip of the soldering 
iron should be grounded as well (separately from your body ground) either with or 
%rlthout a 1 Meg ohm resistor. Most soldering irons having a three prong line cord 
pli^ already have a grounded tip. Static electricity should be an important 
consideration in cold, dry environments. It is less of a problem when it is warm 
and humid. 

( ) Install integrated circuits ICl thru IC16 following the precautions given 
in the preceding section. As each is installed, make sure it is down firmly 
against the board before soldering all of its leads. Be very careful to 
install each in its correct position. Do not bend the leads on the back 
side of the board. Doing so makes it very difficult to remove the inte¬ 
grated circuits should replacement ever be necessary. The "dot" or "notch" 
on the end of the package is used for orientation purposes and must match 
with that shown on the component layout drawing for each of the IC's. 

( ) Now that all of the components have been installed on the board, double 

check to make sure that all have been installed correctly in their proper 
location. Integrated circuits IC25-IC41 and capacitors C6-C9 are not used 
in this kit - they are added later if you purchase the MP-MX memory 
expansion kit. 

( ) Check very carefully to make sure that all connections have been soldered. 

It is very easy to miss some connections when soldering which can really 




cause some hard to find problems later during check out. Also look for 
solder "bridges'* and "cold*’ solder Joints which are another common 
problem. 

This completes the assembly of the MP-M board. Since the circuit board 
now contains MOS devices it is susceptable to damage from severe static elect¬ 
rical sources. One should avoid handling the board any more than necessary 
and when you must, avoid touching or allowing ANYTHING to come into contact 
with any of the conductors on the board. 


MP-M Memory Boarc Checkout Procedure 


Before checking out any of the memory boards, you must have a properly 
working computer system. The memory board(s) should not even be plugged onto 
the MP-B mother board until the system has been completely checked out. 

NOTE: Before checking out the memory board it must be jumper programmed 
for the proper address selection. The jumper pads are on the right side of the 
board when viewing it from the "TOP” side with the connector edge down. Only, 
one juB^er may be installed and it is run from point A to one of the pads nu- 
irfjered 0 thru 7, Only pads 0 and 7 are marked but the numbers progress seq¬ 
uentially between the two. The first memory board installed on the system's 
mother board should be programmed #0 with subsequent boards following sequentially 
Each 2,048 word memory board should be expanded to the full 4,096 word capacity 
with the MP-MX kit before the next sequential memory board is added. There must 
never be two memory boards on the same system having the same address assignment 
jui^r. Although there are eight possible address assignments, it would take tw 
systems of memory boards tc use ail eight since each system should have no more 
than four memory boards on it. 

C ) Attach and solder the selected address jumper using a piece of insulated 
wire. 

( ) Remove the system’s AC power if applied. 

( ) Check over the MP-M Memory board to see that all connections have been 

soldered and that there are not solder or foil conductor "bridges" or "breaks 

( ) Looking at the MP-B Mother board from the front of the chassis and with the 
MP-M Memory board oriented so vou are viewing the "TOP" side, set the board 
down lightly on one of the connector rows of the Mother board. Electrically 
the board may be plugged onto any one of the seven main board positions. 

Check to see that the index pin on both the MP-M board and MP-B board align. 
They should align, if not there is a mistake. 

( ) Assuming the index pin aligns, press the MP-M board down perpendicularly 
onto the mother board. Be sure the MP-M board seats firmly against the 
mother board. 

( ) Again apply AC power to the unit. Using one of the GND pins on the mother 
board as a reference, measure the voltage on the right most lead of volt¬ 
age regulator IC17 on the MP-M board. The reading should be +5 VDC jr5Z. 

If not, something is wrong. 



Memory Address Assignment Table (Hex) 


Board # Memory Quadrant (K of memory) Starting Addr. Ending Addr. 







I 


J 





rs 




1 

0000 

03FF 

0 

2 

0400 

07FF 


3 

0800 

0BFF 


4 

0C00 

0FFF 


1 

1000 

13FF 

1 

2 

1400 

17FF 


3 

1800 

IBFF 


4 

1C00 

IFFF 


1 

2000 

23FF 

2 

2 

2400 

27FF 


3 

2800 

2BFF 


4 

2C00 

2FFF 


1 

3000 

33FF 

3 

2 

3400 

37FF 


3 

3800 

3BFF 


4 

3C00 

3FFF 


1 

4000 

43FF 

4 

2 

4400 

47FF 


3 

4800 

4BFF 


4 

4C00 

4FFF 


1 

5000 

53FF 

5 

2 

5400 

57FF 


3 

5800 

5BFF 


4 

5C00 

5FFF 


1 

6000 

63FF 

6 

2 

6400 

67FF 


3 

6800 

6BFF 


4 

6C00 

6FFF 


1 

7000 

73FF 

7 

2 

7400 

77FF 


3 

7800 

7BFF 


4 

7C00 

7FFF 




MP-M/MP-MX Memory IC Assignment Map 




Bit 7 Bit 6 

Bit 5 

Bit 4 

Bit 3 

Bit 

2 Bit 1 

Bit 1 

Quadrant 

1 (IK) 

IC15 IC13 

ICll 

IC9 

IC7 

IC5 

IC3 

ICl 

Quadrant 

2 (2K) 

IC16 IC14 

IC12 

ICIO 

ICS 

IC6 

IC4 

IC2 

Quadrant 

3 (3K) 

IC40 IC38 

IC36 

IC34 

IC32 

IC3C 

1 IC28 

IC26 

Qiiadrant 

4 (4K) 

IC25 IC39 

IC37 

IC35 

IC33 

IC31 

IC29 

IC27 

00 hex = 

0000 0000 binary 



08 

hex = 

0000 1000 

binary 

01 hex = 

0000 0001 binary 



10 hex = 

0001 0000 

binary 

02 hex = 

0000 0010 binary 



20 

hex = 

0010 0000 

binary 

04 hex = 

0000 0100 binary 



40 hex = 

0100 0000 

binary 






80 hex = 

1000 0000 

binary 
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Assembly Instructions MP-S Serial Interface 
Introduction 

The MP-S Serial Interface is a 5%" x 3>4" double sided, plated thru hole board which interfaces a serial 
device to the Microprocessor system. It may be jumper configured to operate serially from 110, to 9600 
baud and is RS 232C and 20 Ma TTY compatible. Baudot coded TTY's are not compatible with this 
interface. Complete interrupt control of the interface is under software control thru the user's program. All 
data input/output is made thru a ten-pin connector installed along the top edge of the board. Power for the 
board is supplied by a -)-5V voltage regulator and has a current consumption of approximately 0.2A. 

When the SWTPC 6800 Computer System is being assembled, work on only one board at a time. Each 
of the system's boards and their associated parts must not be intermixed to avoid confusion during assemb¬ 
ly. The MOS integrated circuits supplied with this kit are susceptible to static electricity damage and for 
this reason have been packed with their leads impressed onto a special conductive foam or possibly wrap¬ 
ped in a conductive foil. In either case, do not remove the protective material until specifically told to do so 
later in the instructions. 

The MP-S serial interface is an option board and need not be assembled nor should be installed onto 
the mother board until the entire computer system has been checked out and is known to be working pro¬ 
perly. 


PC Board Assembly 

NOTE: Since all of the holes on the PC board have been plated thru, it is only necessary to solder the 
components from the bottom side of the board. The plating provides the electrical connection from 
the "BOTTOM" to the 'TOP" foil of each hole. Unless otherwise noted it is important that none of 
the connections be soldered until all of the components of each group have been installed on the 
board. This makes it much easier to interchange components if a mistake is made during assembly. Be 
sure to use a low wattage iron (not a gun) with a small tip. Do not use acid core solder or any type of 
paste flux. We will not guarantee or repair any kit on which either product has been used. Use only the 
solder supplied with the kit or a 60/40 alloy resin core equivalent. Remember all of the connections 
are soldered on the bottom side of the board only. The plated-thru holes provide the electrical con¬ 
nection to the top foil. 

( ) Before installing any parts on the circuit board, check both sides of the board over carefully for in¬ 
complete etching and foil "bridges" or "breaks". It is unlikely that you will find any; but should there 
be one, especially on the "TOP" side of the board, it will be very hard to locate and correct after all of 
the compenents have been installed on the board. 

( ) Attach all of the resistors to the board. As with all other components unless noted, use the parts list 
and component layout drawing to locate each part and install from the "TOP" side of the board bend¬ 
ing the leads along the "BOTTOM" side of the board and trimming so that 1/16" to 1/8" of wire re¬ 
mains. Solder. 

( ) Install all of the capacitors on the board. Solder. 

( ) Install the transistors and diodes on the board. The diodes must be turned so the banded end corres¬ 
ponds with that shown on the component layout drawing, and the transistors must be turned to match 
the outlines on the component layout drawing as well. Sandwich the nylon space (if supplied) between 
the body of transistor Q2 and the circuit board. Solder. 

( ) Starting from one end of the circuit board install each of the three, 10-pin Molex female edge con¬ 
nectors along the lower edge of the board. These connectors must be inserted from the "TOP" side of 
the board and must be pressed down firmly against the board. Make sure the body of the connector 
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seats firmly against the circuit board and that each pin extends completely into the holes on the 
circuit board. Not being careful here will cause the board to either wobble and/or be crooked when 
plugged onto the mother board. It is suggested that you solder only the two end pins of each pf the 
three connectors until all have been installed at which time if everything looks straight and rigid you 
should solder the as yet unsoldered pins. 

( ) Following the procedure outlined above, attach the remaining 10-pin Molex female edge connector 
along the upper edge of the board. Solder. 

( ) Insert the small nylon indexing plugs into both the upper and lower edge connector pins indicated by 
the small triangular arrow on the "BOTTOM" side of the circuit board. This prevents the board and 
I/O connector from being accidently plugged on incorrectly. 

{ ) Install integrated circuits 103 thru IC6. As each one is installed make sure it is down firmly against the 

board and solder only two of the leads to hold the pack in place while the other IC's are being insert¬ 

ed. Be very careful to install each in its correct position. Do not bend the leads on the back side of the 
board. Doing so makes it very difficult to remove the integrated circuits should replacement ever be 
necessary. The semicircle notch, dot or bar on the end of the package is used for orientation purposes 
and must match with the outlines shown on the component layout drawing for each of the IC's. After 
inserting all of the integrated circuits go back and solder each of the as yet unsoldered pins. 

{ ) Install integrated circuit IC2 on the circuit board. This component must be oriented so its metal face is 

facing the circuit board and is secured to the circuit board with a #4 - 40 x %" screw, lockwasher and 

nut. A heatsink is not used. The three leads of the integrated circuit must be bent down into each of 
their respective holes. Solder. 

NOTE: MOS integrated circuits are susceptible to damage by static electricity. Although some de¬ 
gree of protection is provided internally within the integrated circuits, their cost demands the utmost 
in care. Before opening and/or installing any MOS integrated circuits you should ground your body 
and all metallic tools coming into contact with the leads, thru a 1 M ohm % watt resistor (supplied 
with the kit). The ground must be an "earth" ground such as a water pipe, and not the circuit board 
ground. As for the connection to your body, attach a clip lead to your watch or metal ID bracelet. 
Make absolutely sure you have the 1 Meg ohm resistor connected between you and the "earth" 
ground, otherwise you will be creating a dangerous shock hazard. Avoid touching the leads of the 
integrated circuits any more than necessary when installing them, even if you are grounded. On those 
MOS IC's being soldered in place, the tip of the soldering iron should be grounded as well (separately 
from your body ground) either with or without a 1 Meg ohm resistor. Most soldering irons having a 
three prong line cord plug already have a grounded tip. Static electricity should be an important con¬ 
sideration in cold, dry environments. It is less of a problem when it is warm and humid. 

( ) Install MOS integrated circuit IC1, following the precautions given in the preceding section. As it is in¬ 
stalled, make sure it is down firmly against the board before soldering all of its leads. Do not bend the 
leads on the back side of the board. Doing so makes it very difficult to remove the integrated circuit 
should replacement ever be necessary. The "dot" or "notch" on the end of the package is used for 
orientation purposes and must match with that shown on the component layout drawing for the 1C. 
Solder. 

( ) The board should now be programmed for the selected baud rate. Various versions of the SWTPC 
6800 Computer System offer additional or substitute baud rate values different from those printed on 
the MP-S Serial Interface board. Consult the instructions supplied with the processor board for com¬ 
plete details. Using a 1" piece of light gauge insulated wire, attach and solder one end of the wire to 
the selected baud rate pad and attach the other end of the wire to the pad adjacent this connection. If 
you wish, you may substitute a five-station SPST DIP switch (not supplied with the kit) in place of 
the jumper. Solder. 

( ) Using a 'A" piece of light gauge wire, attach and solder one end of the wire to the "I" pad (between 
the "IRQ" and "NMI" pads). Attach and solder the other end to the "IRQ" pad. This will allow you 
to use maskable interrupts when program selected. 
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( ) Working from the 'TOP" side of the circuit board, fill in all of the feed-thru's with molten solder. The 
feed-thru's are those unused holes on the board whose Internal plating connects the 'TOP" and "BOT¬ 
TOM" circuit connections. Filling these feed-thru's with molten solder guarantees the integrity of the 
connections and increases the current handling capability. Be sure not to fill in the holes marked 
"110", "150", "300", "600", "1200", the five pads adjacent these, or the "NMI" pad. 

( ) Now that all of the components have been installed on the board, double check to make sure all have 
been installed correctly in their proper location. 

( ) Check very carefully to make sure that all connections have been soldered. It is very easy to miss some 
connections when soldering which can really cause some hard-to-find problems later during checkout. 
Also look for solder "bridges" and "cold" solder joints which are another common problem. 

Since the MP-S circuit board now contains MOS devices it is susceptible to damage from severe static 
electrical sources. One should avoid handling the board any more than necessary and when you must, avoid 
touching or allowing anything to come into contact with any of the conductors on the board. 

Input/Output (I/O) Connector Wiring 

Actual I/O connections are made thru the 10-pin connector along the top edge of the board. The 10- 
pin male connector should be attached to the control terminal's cable as outlined in the instructions below 
and may be jumper configured for either RS-232 (TV Typewriter format) or 20 Ma TTY (ASR-33 TTY 
format) operation. There are nine connection points on the I/O connector with the tenth used for Indexing 
which prevents the male connector from being plugged on incorrectly. The function of each of the nine is 
abbreviated on the "BOTTOM" side of the board beneath the connector with a detailed description of each 
as follows: 

.4^ This is the system's ground point and is the "common" return line for the RS-232 input (Rl) and out¬ 
put (RO). 

CO The Clock Output (CO) line is used for self-clocking cassette tape interface systems. If you do not 
have a self-clocking cassette tape system connected to this interface, this point must be jumpered to 
the Clock Input (Cl) point on the male connector for the system to work. The actual output of this 
line is a CMOS compatible (not TTL) square wave whose frequency is approximately sixteen times the 
baud rate. 

Cl The Clock Input (Cl) is also used for self-clocking cassette tape interface systems. If you do not have a 
self-clocking cassette tape system connected to this interface, this point must be jumpered to the 
Clock Output (CO) point on the male connector for the system to work. 

Rl The RS-232 Input (Rl) is the interface's voltage activated input which conforms to RS-232 specifica¬ 
tions. It is the input to use when tying the computer system to the SWTPC CT-1024 or CT-64 Ter¬ 
minal Systems via its CT-S serial interface option. If you are not using the RS-232 Input (Rl), it must 
be jumpered to the ground pin of the male connector. 

RO The RS-232 Output (RO) is the interface's voltage activated output which conforms to RS-232 speci- 
ficiations. It is the output to use when typing the computer system to the SWTPC CT-1024 or CT-64 
Terminal Systems via its CT-S serial interface option. When not in use leave open; do not jumper to 
ground. 

TC The TTY Common (TC) line is the "common" return line for the 20 Ma TTY compatible input and 
output and the Reader Control (RC) output. Electrically it is the same as the-12 VDC power supply 
bus. 

TO The 20 Ma TTY Output (TO) is the interface's current activated output. It is the output to use when 
tying the Computer System to an ASR-33 or similar TTY configured for 20 Ma full duplex operation. 
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RC 



The Reader Control output (RO) is a line which may be used to implement automatic reader/punch 
operation on^ a TTY not^ haying the ''automatic" fupctio,n ajreaicjy built in. It dqe?; s^,by.fa<;tivating 
^'a reed^fi&y ih(^roorat^ into the TTY system. Complete deaijs ara giyen later ^n the instr^etions. 

TTie'TTY'frtput (Tl) is the interface's current activated input. It is the input to use when connecting 
th^ Gdrhputer System to an ASR-33 or similar telMype configured for 20 Ma full duplex operation. If 
you are not using the TTY Input (Tl), it must be jumpered to the TTY Common (TC) pin on the male 
connector, - v, >' 

Attaching the I/O Connector to the Interface 


' The male I/O connector which is attached to the interface is sirriply a row of ten pins supported by a 
hyibn base. T-he1onger‘side of the male conriectPr plugs onto the intefface board edge connector while the 
cable wires going to the control terminal are soldered Onto the shorter side of the connector. The cable 
,,yyltioh goes, back To the interface should, if at all poossible, be a multhconnector cable%{not supplied with 
.the kit),,yvith a xoinimutp of fiya separate conductors.- . -! 

When preparing to attachThe cable to the connecton/first strip, back r2" of the cable's outer insulation. 
While positioning the cable in line with the male connector's nylon support strip allowing the wires to 
extend just beyond the last pin on the strip, attach and solder each of the appropriate wires following the 
wiring diagram (given later in the instructions) oriented so the ground pin ( -^ ) is connected to the shortest 


nwire.: It.is y^r^ easy 4o,?mej.t the body of themylon connector whichrwill iloosenthe pins, so be;very careful 
. and use,;a 3 i[»eaJsiakiOn,ea.ch,pin between the soldei;.point-and conneeloribody where possibleirAfterattach- 
tnjg e[l pifhe pable wires bend the connector around the cable a-fuHi lSO degrees and secure withotwo wire 
]ties4,supplied-yyith,4heKiit),^^^ off the. .indexing^pin on tho male connector. >isqc 

2 , .jf'; ;■ . ■ ■'O 'O'!;.':': ■ r . ■ g' .-'-Bin n:i:ivv 

Configuring the Interface(s) ■yt-iv-'ddfi 

T!r-> 


When operating the interface in the TTY mode you must have the serial interface (MP-S) configured 
f forbllO baud operafroh’SsW^S'detailed earlier ih'the in’stfuiitibhsl 1n%fs fhodethe interface o|54tltes at^ 10 
baud with one start bit, 8 data bits (no parity) and two stop bits. TTY's operate with fhisWffle 'fij^d data 
format. i . . . , „ - - 


-K, 


Ml! 


When OpOfeting the interface in the RS-23^ mode you .giayjpperate.from. pO tpOSOQ baudj^umper 
pIrpgrathmeBie/aS detailed^ the m^ructionsj. You mulsi of qoufs^^^^^ (CT-S 

' board on theXIT-1024 or Clr 64) configured for the same baud rate. The 300 baud rate, is pijeferabl^.if your 
teithinal will handle it. This will make future cassette tape stored data systems compatible. .No matter 


which baud rate you select, the terminal must be configured for handling the same parity and bit format as 
the MP-S interface. This is ail done thru software programming on the MP-S. There should be two stop bits 
for 110 baud operation and one stop bit for 150, 300, 600,1200,4800 and 9600 baud operation. Details 
for configuring the parity and bit arrangements of the CT-S interface on theCT-1024 and CT-64 terminal 
systems are in the CT-S instruction set. The CT-S interface automatically selects two stop bits for 110 baud 
operation and one stop bit for 300 baud operation. ^ 


RS-232 Operation (CT-1024 and CT-64 Users) 

If you will be operating the interface with an ASCII coded, RS-232 terminal such as the CT-1024 or 
CT-64 terminal system with the CT-S serial interface, you will have to configure both the terminal and 
computer interfaces for compatible operation. 

To interconnect the two, make the connections illustrated in Figure 1. 

( ) Run a jumper between the Tl and TC pins on the interface connector plug. 

( ) On the terminal end of the I/O cable, solder two of the wires in the cable together. On the computer's 
interface connector plug end, attach one of these wires to the Cl pin and the other to the CO pin. 

( ) Attach another of the terminal I/O cable wires from the RS-232 output of the terminal's serial inter¬ 
face (CT-S jack JS-1 pin 6) to the Rl pin on the computer's interface connector plug. 
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( ) Attach another of the terminal I/O cable wires from the RS-232 input of the terminal's serial inter¬ 
face (CT-S jack JS-1 pin 7) to the RO pin on the computer's interface connector plug. 

( ) Attach another of the terminal I/O cable wires from the ground of the terminal's serial Interface (CT-S 
JS-1 pin 1) to the pin on the computer's interface connector plug. 

( ) Be sure you have configured the baud rate of both the computer and terminal interfaces as called for 
earlier in the instructions. 
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Figure I Wiring Diagram - Attaching a Serial RS-232 Device to the MP-C or A/IP-S Interfaces 
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you ^liPt«'^operating the interface with an ASCII coded Teletype (TTY), you will have to con¬ 
figure TTY for full duplex, 20 Ma current loop operation and the interface for 110 baud, TTY operation. 
The interface will work with ASCII coded terminals only. It will not work with the older 5- level Beuidot 
coded terminals. 

Although you should refer to the TTY manufacturer's documentation for specific details you can 
generally configure the TTY for full duplex, 20 Ma operation as follows: 

(In reference to the I/O terminal strip inside the TTY-see figure 2) 


( ) Connect the white/blue wire to terminal 5. 

( ) Connect the brown/yellow wire to terminal 5. 
( ) Connect the violet wire to terminal 9. 


(In reference to the power resistor behind the power supply inside the TTY) 

( ) Move the blue wire from the 750 ohm tap to the 1450 ohm tap. 

To configure the interface for 110 baud, TTY operation for attachment to the TTY, make the con¬ 
nections illustrated in figure 2. 

( ) Run a jumper between the Cl and the CO pins on the interface connector plug. 

( ) Run a jumper between the ■4='and the Rl pins on the interface connector plug. 

( ) Attach one of the TTY I/O cable wires from terminal 7 of the TTY's terminal strip to th« TO pin on 
the interface connector plug. 

( ) Run a jumper between terminals 4 and 6 on the TTY's terminal strip. 

( ) Attach another of the TTY I/O wires from terminal 6 of the TTY's terminal strip to the TC pin on the 
interface connector plug. 

( ) Attach another of the TTY I/O cable wires from terminal 3 of the TTY's terminal strip to the Tl pin 
on the interface connector plug. 

Configure the board for 110 baud operation if you have not already done so by installing a jumper 
across the "110" pads. Be sure there are no jumpers in any of the other baud rate positions on the board. 
The selected board is now configured for full duplex, 20 Ma TTY operation. 


The SWTPC 6800 Computer System is designed to work with a TTY having an automatic reader/ 
punch feature (under software control). If your teletype does not have this feature, you can add it by in¬ 
corporating the following modifications. 

( ) Using the parts list below, the parts layout in figure 3 and the schematic shown in figure 5, construct 
the circuit on a piece of vector board. Note: We do not supply these parts. 

PARTS LIST: 


1 EA. 

Reed Relay 

12V, 600 ohm coil Potter Brumfield § JR-1005 
or equiv. 

1 EA. 

Resistor 

470 ohm 'A watt. 

1 EA. 

Capacitor 

0.1 mfd @600 VDC 

1 EA. 

Diode 

1N5060 or equiv. 

1 EA 

Board 

Vector Board (2.5" x 3.8") 


( ) Mount the component board on the teletype using the holes in the terminal's mounting plate as shown 
in figure 4. 
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( ) Refering to the schematic in figure 5, connect the relay, capacitor and resistor into the TTY's cir¬ 
cuitry. The LINE and LOCAL lines must be connected to the line/off/local switch as shown in figure 
5, Make sure no voltages from the TTY are accidentally connected to the relay's primary windings 
Such a voltage can damage the SWTPC 6800 Computer System. 

(^) The relay coil is controlled by the reader control line (RC) with respect to the TC line on the inter¬ 
face board, so be sure to connect the relay's coil windings back to the RC and TC points on the inter- 
' face connector plug thru the I/O cable. 


Teletype is 


a registered trademark of the Teletype Corporation. 




Relay 


Open 

this 

Wire 



Local 


470n 
% W 


Component Board 


TTY Terminal Schematic Incorporating 
Automatic Reader Control 


Figure k 


Upgrading a Teletype for 
Automatic-Reader/Punch Operation 








Figure 2 Wiring Diagram - Teletype Configuring and Connections to the MP-C or MP-S Interfaces 














Address Assignments 


Four address assignments have been allocated for each interface port; They are as follows; 


PORTO 

8000 to 800S 

PORT 1 

8004 to 8007 (serial control interface only) 

PORT 2 

8008 to 800B 

PORTS 

800C to 800F 

PORT 4 

8010 to 8013 

PORTS 

8014 to 8017 

PORT 6 

8018 to 801B 

PORT? 

801Cto801F 


The actual addresses to be used in your programs for the interface(s) are determined by the inter¬ 
face position (port #) onto which the board is plugged. 

Within each block of four addresses, the lowest Is used for the control and status registers. You write 
to the control register and read from the status register. The second sequential address are the transmit and 
receive data registers. You write to the transmit register and read from the receive register. The last two se¬ 
quential address are not to be used for serial interfaces. They are reserved for the parallel interfaces. 

Before the serial interfaces may be used within your programs, you must configure and use them as 
outlined in the Hardware section of the System Documentation Notebook. 

MP-S Serial Interface Checkout Procedure 

The board may be checked out using the SERI NT diagnostic contained in the software section of the 
System Documentation Notebook 


How It Works 

* 

The MP-S Serial Interface uses IC1 as a software programmable serial type interface chip to communi¬ 
cate with a serial peripheral device. Unlike the MP-C Serial Control Interface, the actual encoding and de¬ 
coding including start and stop bits are done by the interface integrated circuit itself thru hardware. This 
saves a considerable amount of processor time. 

The RTS output on IC1 may be used to generate a "Reader Control" output which may control a 
TTY not having the automatic reader/punch function or some other user defined function. 

Any "echo" functions for full duplex applications must be done thru software in your program. 

Optical Couplers ICS thru IC5 are used for isolation on the various inputs/ouputs. Both -12 and +12 
voltages are required by the interface for RS-232/TTY communication. These lines are not regulated and 
are derived from the computer's power supply board. +5 VDC power for the board is supplied by voltage 
regulator IC2. 
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Parts List MP-S Serial Interface 
Resistors 


R7 2.7 K ohm % watt resistor 
R8 1.IK ohm 1 watt resistor 
R9 330 ohm % watt resistor 
RIO 820 ohm 1 watt resistor 
R11 lOOohni % watt resistor 


Capacitors 

Cl 0.1 mfd mylar capacitor —— C2 0.1 mfd disc capacitor 

Semiconductors 

D1 1N4003 silicon diode D4 1N4148 small glass silicon diode 

D2 1N4003 silicon diode Q1 2N5210 transistor 

D3 1N4148 small glass silicon diode Q2 SS1122 transistor 


R1 

680 ohm y* watt resistor 

R2 

680 ohm " " 

ft 

R3 

680 ohm " " 

II 

R4 

10K ohm" " 

n 

R5 

10K ohm" " 

n 

R6 

47Kohm " " 

II 


IC1 MC6850 asynchronous communications 
adaptor (MOS) 

IC2 7805 5 VDC voltage regulator 
IC3 1489AJ quad RS-232 receiver 


IC4 4N33 optical coupled isolator 
ICS 4N33 optical coupled isolator 
ICG 4N33 optical coupled isolator 
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SCHEMATIC MP-S SERIAL INTERFACE 
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Assea^ly^.JjoslantcCions MP-L Parallel Interface 


Introduction 


B»e"®P—I.’^wralleil Izsterface is a 5 1/4** x 3 1/2" double sided, plated 
thru hole board i3iq>lesieo±ied with the 6820 peripherial interface adaptor inte- 
g r a te d .icitcgii: ^driidi Is; osed to interface a parallel data device to the 
co np ut er . The’ board ie provided with two separate connections along the top 
edgejof the baaed. One 4ias .8 fully ‘buffered high current data outputs along 
with one b uffer ed "data ^ready" output line and one "data accepted" input line 
for ’Coapl et e haiKi^ialm. .coat^ ♦ The other has 8 fully buffered data inputs 
eULong with one "data ready** input line and one buffered "data accepted" output 
li n e- for complete' handfihalce control. The interface is conpletely software 
progran ngd>1e by the user with interrupt control as well as polarity control of 
tte handshake lines. For the user who has ^ecialized I/O requirements, the 
data boff^iSMay he iremoved from ihe board and each, of the 16 data I/O lines 
may be individually programed for either input or output thru software in the 
user's program. Power for the board is s^^lied by a +5V voltage regulator 
and has a c urr ent consumption of approximately 0.3 A. 

The MP-L circuit boazd has beoi hardware configured for interface appli¬ 
cations where ‘there is one 8 bit data input port and/or one 8 bit data output * 
port. Each <3f the two ports are independent of one another and both have an 
extra input ai^ output line intended for optional "handshate" use. Although 
the two 8 -bit hosses are’nepacate, there is a* TRI— STATE enable jiimper on the 
out p u t port buffers which may be disabled and driven externally allowing the 
two 8 l«t.‘l»aogoC;itiO< be unified into one bi-directional buss. 

In ^>ecial ‘^ppli.cations^^wfeere you wish to configure the interface for 
more than <8 bits^ to a port, you may wish to patch the board for a .different 
buffer arrangement or you may to eliminate the buffer IC's all together. 

In either case, it is a good idea dlcMle protect all unbuffered, configured 
input lines by* comieeting a pair of 1N914 or similar silicon diodes (not 
8tq>plled with the kit) frtm -each input to +5 and ground. The cathode o £ the 
first diode^omaects to 45 said the anode of the other diode connects to 
ground. This •provides ^some measure of protection for the Inputs of MOS in- 
tegrated circuit, ICl. 

No matter if you decide to leave the input/output port buffering like it 
is or modify it, the cfflatrpl registers o^ the interface must be configured 
before the interface is used and must be coi^atable with its hardware bu^erlng 
circuitry. Caaqklete details on the interface's internal registers and the 
configurittg of them is contained in the Hardware and Programming sections of 
the System Documentation Notebook and will not be dealt with here. 

When the SWTPC 6800 Computer System is being assembled, work on only one 
board at a time. Each of the system's boards and their associated parts must 
not be intermized to avoid confusion during assembly. The MOS integrated 
circuits stqipkie^ with this kit are susceptible to static electricity damage 
and for this reason have been packed with their leads iiiq)ressed onto a special 
conductive foam or possibly wrapped in a conductive foil. In either case, 
do not remove the protective material until specifically told to do so later 
in the instructions. 




The 1MP~l<»p3isaM.el interface is an opt:ion board and need not be assembled 
nor ^K>ald berinstalled onto the mother board until the entire computer system 
has heenlidijecked out and is knovra to be working properly. 


PC Board Assembly 


NOTE; S in c e all of the toles on the PC board have been plated thru, it 
is only aecesssucy <bo solder the compon^ts from the bottom side of the board. 

The plat^g provides the electrical connection from the "BOTTOM" to the "TOP" 
foiJ. of ea<di hole. iMless otherwise noted it is important that none of the 
comiections be solitered until all of the coiiq>onents of each group have been 
Installed on tiie board. This makes it much easier to Interchange components 
if a ncLstsake is^made doring assembly. Be sure to use a low wattage iron (hot 
a gun) wiiii a small tip. Do not use acid core solder or any type of paste 
flux. We swill not guaraittee or repair any kit on which either .product has 
been nsed. Dse only the solder supplied %d.th the kit or a 60/40 alloy resin 
core equivalent. Remember all of the connections are soldered on the bottom 
side of the board only . The plated-thru holes provide the electrical con- 
necticm to top foil. 

( ) Before installing any parts on the circuit board, check both sides of the 
board over carefully for incomplete etching and foil "bridges" or "breaks". 

It is unlikely that you will find any but should there be one especially 
on t±ie **TOP" side of the board It will be very hard to locate and correct 
after all of the components have been Installed on the board. 

( ) Starting, from^one end of the circuit board install each of ttie three, 10 
pin Molac female edge connectors along the lower edge of the board. These 
connectors must be Inserted from the "TOP" side of the board and must 
be faiessed down firmly against the circuit board so that each pin extends 
cCTipletely into the holes on the circuit board. Not being careful here 
will cause the board to either wobble and/or be crooked when plugging it onto 
the mother board. It is suggested that you solder only the two end pins 
of each of the thr^ connectors until all have been installed at which 
timehif-ewearytiil^-loofcsstraight and rigid you should solder the as yet 
uns(^dered pdns. . 

( ) Following the procedure outlined above, attach the two remaining 12 pin 
Molex female edge connectors along the upper edge of the board. Solder. 

f ) Insert the small nylon indexing plugs into both the upper and lower edge 
connector pins indicated by the small triangular arrows on the "BOTTOM" 
side of the circuit board. This prevents the board and I/O connectors 
from being accidently plugged on incorrectly. 

( ) all of the capacitors to the board. As with all other conq>onents 

unless noted, use the parts list and component layout drawing to locate 
each part and l-nsi-a ll from the "TOP" side of the board bending the leads 
aloi^ the "BOTTOM*’ side of the board and trimming so that 1/16" to 1/8" 
of wire remains. Solder. 

( ) Install the diodes on the board. The diodes must be turned so the banded 
ortH corresponds with that shown on the component layout drawing. 
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( ) Ins t al l integrated circuit IC2 on the circuit board. This component must 
be oriented so its netal face is facing the circuit board as is secured 
to the circuit board with a #4 - 40 x 1/4" screw, lockwasher and nut. A 
heatsink is not used. The three leads of the intergrated circuit must be 
bent down into each of their respective holes. Solder. 

( ) After deciding which, if any of the buffer Integrated circuits IC3 thru 
1C5 you will be tising. Install them on the circuit board. If you will 
be using the board for the noi^l 8 bit input/output port configuration. 
Install 1C3, 1C4 and 1C5. As each one is Installed make sure it is down 
firmly a g a in st the board and solder only two of the leads to hold the 
pack in place while the other IC's are being inserted. Be very careful 
to Install each in its correct position. Do not bend the leads on the 
back side of tiie board. Doing so makes it very difficult to remove the 
integrated circuits should replacement ever be necessary. The semi¬ 
circle notch, dot or bar on the end of the package is used for orienta¬ 
tion purposes and must, match with the outlines shown on the component 
layout drawing for each of the lC*s. After Inserting all of the inte¬ 
grated circuits go back and solder each of the as yet unsoldered pins. 

( ) Unless you plan to use a sing^ 8 bit bi-directional input/output data 
buss with external TRI-STATE ^switching, you will want to connect the 
tri-state enable jumper between pads C and D located between integrated 
circuits 1C4 and IC5 on the board. This junq)er is shown installed in 
place in the eooponcnt layout drawing. ^ 

( } Unless you plan to use the board in a special situation where you will be 

using the non- m as k a b le interrupt (NMI), you will want to run a pair of jumpers 
between point A and IRQ Axd point B and IRQ on the board. This allows 
you to use the conventional Interrupt, request line (IIU^) whdn it is 
s electe d in your program. These jumpers are not shown in place on the 
component layout drawing. 

ROTE : NOS integrated circuits are susceptable to damage by static elect¬ 
ricity. Although some degree of protection is provided internally within the 
Integr^ed circuits, their cost demands the utmost in care. Before opening 
and/or installing any NOS integrated circuits you should ground your body and 
all metallic tools Mming into contact with the leads, thru a 1 M ohm 1/4 watt 
resistor (supplied with the kit). The ground must be an "earth" ground such 
as a water pipe, and not the circuit board ground. As for the connection to 
your body, attach a clip lead to your watch or metal ID bracelet. Make ab¬ 
solutely sure you have the 1 Meg ohm resistor connected between you and the 
"earth" gromd, otherwise you will be creating a dangerous shock hasard. 

Avoid touching the leads of the integrated circuits any more than necessary 
when installing them, even if you are grounded. On those IG's being 
soldered in place, the tip of the soldering iron should be grounded as well 
(separately from your body ground) either with or without a I Meg ohm re¬ 
sistor. Moat soldering irons having a three prong line cord plug already 
have a grounded tip. Static electricity should be an important consideration 
in cold, dry environments. It is less of a problem when it is warm and humid, 

( ) Install integrated circuit ici following the precautions given in 
the preeeding section. As it is installed, make sure it is down firmly 
against the board before soldering all of its leads. Do not bend the 
leads on the hack side of the board. Doing so makes it very difficult 
to remove the*lntegrated circuit should replacement ever be neeessary, 




fiT3ie-?flbt:"iWfr "notch” end of the package is used for orientation 

purpiosts andi. -iiBist natch with that shown on the component layout drawing 
for the IC. 

( ) Worfcfiig from the "top” side of the circuit board, fill in all of the 

“feed-*thru's with molten solder. The feed—thru's are those unused holes 
on the boatd-wfaose internal plating connects the "TOP" and "BOTTOM" 
circuit coimections. Filling these feed-thru's with molten solder guaran¬ 
tees the integrity of the connections and increases the ciitrent handling 
c^>ability. 

( ) Now that-all of the coo^onents have been installed on the board, double 
che ck to make sure all have been installed correctly in their proper 
location. 

( ) O^nk- very' 4saxe£uily to make sure that all connections have been soldered. 
It is very ^easy to miss some connections when soldering which can really 
cause some hard to find problems later during checkout. Also look for 
solder "bridges" and "cold" solder joints which are another common 
problem. 

Since the^MP—L circuit board now contains a IK)S .device it is susceptable 
to damage from'severe static electrical sources. One should avoid handling 
the board"Nany -more than necessary and when you must, avoid touching or allowing 
anyUting to come into contact with any of the conductors on the board. 


Input/Otttput (I/O) Connector Wiring 

» ■ 

Actual I/O connections are made thru the two 12 pin connectors along the 
top edge of the board. Unless the buffer Integrated circuits (IC3. thru IG5) 
are removed or otherwise modified, one of the connectors will be used for input 
and the other connector will be used for output. The fimctions of each of the 
I/O connector pins are as follows: 

'h * 

Input Connector Pins 

Cl is the "handshake" control input. It is electrically the same 

as the CBl input on ICl, the PIA Integrated circuit. The line 
is diode protected and represents one MOS load. 

C2 is the "handshake" control output. It is the line buffered 

output of the CB2 pin on ICl, the PIA integrated circuit. It 
is TTL compatable and is capable of sourcing 5.2 Ma. and sink¬ 
ing 32 Ma. of current. 

GND is the common line for all I/O connections and is electrically 

connected to the computer system's ground buss. 

10-17 are the eight non-inverting data input lines. Each is buffer¬ 
ed and represents one standard TTL load. The buffered lines 
feed pins PB0 thru PB7 respectively on ICl, the PIA integrated 
circuit-. 




Cl 


C2 


<an) 


Output Connector Pins '' ^ 




"is the '**hattdshake” omtrol Input. It is electrically the same 
as the CM input on ICl, the PIA'integrated circuit. The line 
Is diode protected and represents one MOS load. 

is the '*handshake" control output. It is the line buffered 
output of the CA2 pin on ICl, the PIA integrated circuit. It 
is TTL com p atable and is capable of sourcing 5.2 Ma and sink¬ 
ing 323lfa-of current. 


is the cooBKm line for all I/O cotmectors and is electrically 
connected to the ccnqmter system's ground buss. 


00-07 are the.eight non-lmrertlng data output lines. Each is the 

buffered output of-^pins CA0 thru CA7 respectively on ICl, the 
PIA int^zat^ circuit. Each line is capable of sourcing 5.2 
Ma and sinking 32 Ma of current. If your system has external 
decoding, you may tri-state these outputs by removing the jum¬ 
per betmeen pads C and D and ungroundlng the normally ground¬ 
ed poixKt O for tri-state enable. This is not the normal mode 
of operation however. 


Attaching- the I/O Connector to the Interface 


The male I/O connector vfalch attach to the Interface are simply a row of 
twelve pins supported by a nylon base. The longer side of the male connector 
plugs onto the interface board edge connector while the cable wires going to 
the peripheral device are soldered onto the shorter side of the connector. 

The cable idilch goes back to the peripheral should, if at all possible, be a 
multi—conductor cable (not supplied with the kit) with a minimum of twelve 
separate conductors. 

When preparing^>to attach the cables to the connectors, first strip back 
2" of the <»ble's outer insulation. While positioning each cable in line with 
the male connector's nylon support strip allowing the wires to extend just 
beyond the last pin on the strip, attach and solder each of the appropiate 
wires oriented so the Cl pin is connected to the shortest wire on the input 
connector and (30) is connected to the shortest wire on the output connector. 

It is very easy to melt the body of the nylon connectors which will loosen 
the pins, so be very careful and use a heatsink on each pin between the solder 
point and connector body where possible. After attaching all of the cable 
wires bend each connector around the cable a full 180 degrees and secure with. 
two wire ties (supplied with the kit). Now cut off the indexing pin on each 
male connector. To minimize noise and ringing, keep the cable length between 
the interface and peripheral as short as possible. 


Address Assignments 


Fo\]r address assignments have been allocated for each interface port; 
they are as follows^ 



POET 0 

8000 to 8003 

PORT 

1 

8004 to 8007 

PORT 

2 

8008 io 800B 

■PORT 

3 

800C.to 800F 

PORT 4 

8010 to 8013 

PORT 

5 

8014 to 8017 

PORT 

6 

8018 to 801B 

PORT 

7 

801C to 801F 


(serial control interface only) 


The actual addresses to be used in your programs for the interface(s) is 
determined by the interface position (port #) onto which the board is plugged. 

Within each block of four addresses the lowest is used for Peripheral 
Register A and Dat:a Direction Register A. The second sequential address is 
used for Control Register A. The third sequential address is used for Per¬ 
ipheral Register B and Data Direction Register B. The last sequential add¬ 
ress is used for Control Register B. Complete details on these registers 
and their functions are contained in the Hardware section of the System 
Documentation Notebook and will not be repeated here. 


Optional HP-L Parallel Interface Checkout Procedure 


Shoald yon have problems with the MP-L board, you may wish to check it 
out independent of the peripheral device to which it is connected. You may 
do so by running the ^^FARINT** diagnostic listed in the Software section of the 
System Documentation Notebook. 


How It Works 


The satire board is configured around the operation of ICl, the peripheral 
interface adaptor integrated^ circuit described in detail in the Hardware 
section of the System Documentation Notebook. Non-Inverting buffer integrated 
circuits IC3 thru IC5 simply provide the line driving and input buffering for 
ICl. 4*5 VDC power for the board is provided by voltage regulator integrated 
circuit, IC2. 


TRI-STATE 


(D 


is a registered trademark of the National Semiconductor Corporation 
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Parts List MP-L Parallel Interface 


Capacitors 


0.1 mfd disc 


Semiconductors 


D1 - D4 

ICl 

IC2 

ICS - ICS 


1N4148 or 1N914 silicon diode 

MC6820 peripheral interface adaptor (MOS) 


7805 5 VDC voltage re^lator 
DM8097 hex TRI-STATE®buffer 
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Operating System 



Mikbug®Operating System 


la 


One of th^-outstanding feagres iof the SWTPC 6800 Microprocessor/System 
is its use of Mbtoro.3.a’s Mikbug ® firmware package stored in the MCM6830L7 
ROM. It is thru the software stored in this ROM that t:he user may use the 
control teminal^to ^initiate -varipus functions such* as load programs, execute 
progran^, ^dimp programs and print or change the contents of the CPU registers. 
Motorola"^ s Engineering Note 100 describes in detail the operation of the 
Mikbug ® ROM, however, there are some additional things which should be noted 
before reading this note. - 

Also contained within the Mikbug ® ROM ^ a program called Minibug ® and 
a section ca3JLj?4,. t*est pattern; The Minibug ® program is an old and less ela¬ 
borate., version of what^is^now called Mikbug® and it along with the test 
pattern Save b^en disabl^ed J^om ROM access.:?'-The ROM was^designed so that 
either Mikbug^^S^or Minibug® could be used and since the MIKBUG®was by far 
superior, it was chosen for our system. Although Engineering Note 100 has 
instructions for the operation of Minibug® , they should not be read in 
order to avoid confu§|jOn. 

Another interesting note is that although Mikbug® is used with an MC6810 
128io word. Random Access M^ojry (RAM) ^or?^empofary storage,'there are at 
least SAjq RAM Ipqations ithat are unassigned located from address A04A^^ to 
A{}7F inclusive which may be used for user program use. There are also 46 iq 
locations from address A014 to A041 inclusive-which have been reserved for the 
push-down stack^-r Tl^is laeans that a 46io deep pusli down stack may be main¬ 
tained in the MC6810 RAM or that if a short stack is used, the lower poirtion 
of these 46^o locations may be used for user program space. It is^a good 
idea, however, not to use any rlpcations between A037 ahd^^A049 inclusive. 

r' - ' ni? ■ . ’*1 ■ • 

When you start reading about the "Display Contents of MPU Registers 
Function" in Engineering Note 100 it should be pointed out that the system 
always assumes the push-down stack is located between address locations A043 
and A049, with the program counter stored in locations A048 arid A049. When¬ 
ever you enter a "G" for the Go .to User’s Program Function" the first thing 
the processor does is execute a "return from interrupt" instruction (RTI) 
which loads the data stored in address locations A043 to A049 iilto the pro¬ 
cessor’s condition code register, accumulators, index register and program 
counter. If you forget to use the "Memory Examine and Change Function" to 
load the program counter locations (A048 and A049) with the starting address 
of your loaded program, or for that matter any of the processor registers which 
must be initialized to some value, your program of course will not run. At 
the completion of ^the "return from interrupt" instruction (RTI) the processor 
jumps to the starting address of yoiir program. The stack pointer is set to 
A049 which means any interrupt, branch to subroutine, jump to subroutine or 
push instruction in your program will change the data stored at location A049 
and depending upon the instruction, A048, A047, etc.. This means that if you 
abort the program with the RESET button, you will probably have to go back 
and reload pertinent data in locations A043 thru A049 before restarting the 
program using the "Go to User’s Program Function" again. If all of this seems 
confusing, reread this paragraph after reading Engineering Note 100 contained 
in this section of the notebook. 

Another important note is that there are two subroutines within the Mik¬ 
bug ©package which greatly aid the programmer in his control terminal input/ 
output routines. They are called INEEE, address ElAC, arid OUTEEE, address 
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ElDl whose descriptions follow: 


INEEE (ElAC) - The TNEEE subroutine should be used* fcb-receive iricondng 
characters from ths contrsl^terminal's keyboard via the control Interface 
(serial), l/O port 1. The subroutine loops within itself until a character 
is received, at whdLch ,.t;tme; it is deposited into'the A accuniurator in ASCII ^ 
form. Bit 7, the,parity bit; of the received data is automatically zeroed out 
arid is not checked in any way for accuracyr before it is loaded into accumula- . 
tor A. The B accumulator, and! index, register are used in the subroutine^’ how¬ 
ever the original data in these locations is stored and then 'restored at the 
completion of the subroutine. 

K v;rr • . • j '■ rrj po'.tJ ...i. 

pUT^EE (ElDl) - T^e^ pUTEEE suWoutine should be used to'trarismix charac¬ 
ters out of the contjol^r^-nterface (serial), I/O port 1, to the dontroi'terMnal. 
The ASCII coded (ji^racternto be transmitted-^must be loaded into the A hccumhlaY 
tor before the subroutine is called-. The entire eighth bits are transmitted out 
as tfiie^ are loaded into the accumulator. No?partiy bit dCterMnatioris are i^de 
by the subroutine. The B accumulator andlindex register ate used in the stibr ^ 
routine, however, the original data in these locations is stored and'then 
restored at the completion of the subroutine. ^ 

fi • .jf.! e ' ' -guorijii-' j-f'-.-v <•• » . ^ ^ _ 

The simp lest, way to-get to.th^ejsubroritiifes is to do a jump to subroutine, 
extended (JSRg^gm) or (hD^^) followed by the laddress "of Che'suhroutirie. 

■ ' \ -rf.-! !,'< rr - 

Eiitry back into the Mikbug^vvCont^^^ can be done automat!cd^lly at 

the end of your program ,by Inserjting a tjump to address E0E3jg^ (JMP^g^) or . ’ 

(7Ej^g^ foilpwed by .the address E0E3jg. ' 

One final note is th^f: the^ Motorola Engineering Note 100 does not cover 
the software interrupt function, which is a tool for debugging problems. It 
is used as follows: i - 


SOFTWARE INTERRUPT (BREAK?OINT) ETO^ - This software interrupt fun¬ 
ction provides you with a method of ^ entering breakpoints into yohr program^ 
Assume that you are debugging your program and wish to verify that your pro¬ 
gram has reached a particular program instruction. You can, by using the SWI 
(software interrupt) instruction, enter a breakpoint at this program instruc¬ 
tion’s address. To enter the breakpoint you load the instruction at the 
selected aiddress with a SWI instruction. Now, when the SWTPC 6800 System 
executes this SWI ]^truction in the user’s program, it returns program con¬ 
trol to the MIKBUG®software interrupt ro^ine, prints the contents of the 
MPU registers, and proceeds to the MIKBUG® control program. This software 
interrupt mode (SWI) which displays the contents of the MPU registers does not 
assume the stack is located between address A043 aftd A049 like the "Display 
contents of MPU Registers Function" of the MIKBUG ©control program. The re¬ 
gister data printout will be accurate no matter where the stack is positioned 
in memory. The following paragraphs discuss entering the breakpoint into and 
removing a breakpoint from a user’s program. 

ENTERING A SWI BREAKPOINT - Use the following procedures to enter a soft¬ 
ware interrupt breakpoint into the user’s program. It is assumed prior to 
these procedures that the user’s prog. has been loaded into memory, the 
SWTPC 6800 System is performing its MIKBUG® control program, and the last 
character printed by the data terminal is an asterisk. 


a. Enter a M after the asterisk to open a memory loc'ation. The terminal 
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will insert a space after the M. 

b. Enter in 4-character hexadecimal the memory address you have selected 
to enter a breakpoint. The terminal will print on the next line this 
memory address and its contents. Record the memory contents. 

c. Enter a space code and the hexadecimal characters 3F (SWI instruc¬ 
tion) . The SWI instruction is now stored in memory and the terminal 
prints the next address and its contents on the next line. 

d. Enter a space code followed by carriage return control character. 

The SWTPC 6800 System returns to the MIKBUG® control program and 
the terminal prints an asterisk on the next line. 

e. Run the user's program in accordance with the Go To User's Program 
Function (described in Engineering Note 100). When the SWTPC 6800 
System executes the SWI instruction, it returns program control to 
the MIKBUG®program, prints the contents of the MPU registers, and 
advances to the MIKBUG ® control program. 

REMOVING A SWI BREAKPOINT AND RESTORING THE PROGRAM - Use the following 
procedures to remove a software interrupt breakpoint from the user's program. 

It is assumed at the start of these procedures that SWI instruction has been 
loaded^Ihto a known memory location, the SWTPC 6800 System is performing its 
MIKBUG ® control program, and the last character printed by the terminal is an 
asterisk. 


a. Enter a M after the asterisk to open a memory location. The terminal 
will insert a space code after the M. 

b. Enter in 4-character hexadecimal code the address whose SWI instruc¬ 
tion is to be removed. The terminal will print on the next line this 
memory and address and 3F (SWI instruction). 

c. Enter a space code and restore the original instruction removed from 
this address previously. The new contents are stored in memory and 
the terminal prints the following memory address and its contents on 
the next line. 

d. Enter a space code followed by a carriage return control character. 
The SWTPC 6800 System returns to the MIKBUG®control program and the 
terminal prints an asterisk on the next line. 


Operating System -iii- 







MCM6830L7 

MIKBUG/ 

MINIBUG 

ROM 

Prepared by 
Mike Wiles 
Computer Systems 

Andre Felix 

Support Products Group 


The MIKBUG/MINIBUG ROM is an MCM6830 ROM of the M6800 Family of parts. This 
ROM provides an asynchronous communications program, a loader program, and a diagnostic 
program for use with the MC6800 Microprocessing Unit. 


/TTn 


MOTOROLA 

Semiconductor Products Inc 










MCM6830L7 MIKBUG/ 
MINIBUG ROM 


1.0 SYSTEMS OVERVIEW 

The MIKBUG/MINIBUG ROM provides the user with 
three separate firmware programs to interface with a serial 
asynchronous (start-stop) data communications device. 
They are: 

1) MIKBUG Rev. 9 

2) MINIBUG Rev. 4 

3) Test Pattern 

The map of the programs is shown in Figure 1 -1. 



FIGURE 1-1. MIKBUG/MINIBUG ROM Memory Map 


NOTE 

All enables for the ROM are active high. 

2.0 FEATURES 

The more important features of these programs are: 

MIKBUG Rev. 9 

A. Memory Loader 

B. Print Registers of Target Program 

C. Print/Punch Dump 

D. Memory Change 

E. Go to Target Program 

F. Operates with PI A for the Parallel-to-Serial Interface 

G. Restart/NMI/SWI Interrupt Vectors 


3.0 HARDWARE CONFIGURATION 
3.1 MIKBUG Hardware 

The MIKBUG/MINIBUG ROM is intended for use with 
the MC6800 Microprocessing Unit in an M6800 Microcom¬ 
puter system. This ROM, using the MIKBUG Firmware, 
should be connected into the system as illustrated in Fig¬ 
ure 3-1. As shown, all of the enable inputs are high levels 
and the address line A9 on pin 15 is grounded. The MIKBUG 
Firmware in this ROM uses addresses EOOO through ElFF. 
The ROM should be connected into a system so that its two 
top MIKBUG Firmware addresses also will respond to 
addresses FFFE and FFFF. This is required for the system 
to restart properly. There should not be any devices in 
the system at a higher address than this ROM’s addresses. 
Figure 3-2 depicts a memory map for a system using the 
MIKBUG Firmware and Figure 3-3 depicts this system’s 
block diagram. 



FIGURE 3-1.MCM6830L7 MIKBUG ROM Schematic 


MINIBUG Rev. 4 

A. Memory Loader 

B. Memory Change 

C. Print Registers of Target Program 

D. Go to Target Program 

E. Assumes a UART for the Parallel-to-Serial Interface 


The MIKBUG Firmware operates with an MC6820 
Peripheral Interface Adapter (PIA) as shown in Figure 34. 
The MC14536 device is used as the interface timer. This 
timer’s interval is set by adjusting the 50 k ohm resistor 
and monitoring the output signal on pin 13 of the MCI4536 
device. The zero level of the timing pulse should be 9.1 ms 


The information in this Engineering Note has been carefully reviewed and is believed to be entirely reliable. However, no responsibility 
is assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor devices described 
any license under the patent rights of Motorola Inc. or others. 

The material In this note is subject to change, and Motorola Inc. reserves the right to change specifications without notice. 

MIKBUG and MINI BUG are trademarks of Motorola Inc. 
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FFFF 




Do Not Use 

E1FF 




MIKBUG Rev. 9 



MCM6830L7 

EOOO 




RAM Address 

MCM6810 

A07F 

AOOO 




PIA Address MC6820 

8007 

8004 





0000 

Ail Addresses are in hexadecimal 


FIGURE 3-2. MIKBUG Rev. 9 Memory Map 


for 10 characters per second (CPS) operation and 3.3 ms 
for 30 CPS operation. Also, pin 16 (PB6) of the MC6820 
PI A should be connected to +5 volts for 10 CPS operation 
and ground for 30 CPS operation. 

The MCI488 and MC1489A devices provide the system 
with'RS-232C interface capability. If the system is to inter¬ 
face only with an RS-232C terminal, no other interface cir¬ 
cuitry is required; however, a jumper should be strapped 
between E3 and E4. The 4N33 optical isolators and associ¬ 
ated circuitry are required to interface with a 20 mA 
current loop TTY. A jumper should be connected between 
El and E2 for TTY operation. 

The MIKBUG Firmware also requires random access 
memory for a stack and temporary memory storage. The 
MCM6810 RAM used for this memory should be con¬ 
figured for the base memory address at AOOO hexadecimal. 

A reset switch is required in the system to provide for 
restarting the MC6800 MPU and for resetting the MC6820 
PI A. The function may be provided by a pushbutton switch 
and a cross-coupled latch flip-flop. 

3.2 MINIBUG Hardware, Rev. 4 

The MIKBUG/MINIBUG ROM is intended for use with 
the MC6800 Microprocessing Unit in an M6800 Micro¬ 
computer system. This system, using MINIBUG Firmware 
Rev. 4, should be set up with the starting ROM address at 
FEOO hexadecimal. The restart address generator (Fig- 



FIGURE 3-3. MIKBUG ROM Rev. 9 System Block Diagram 
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FIGURE 3-4. TTY/RS-232C Interface Used with MIKBUG ROM 



ure 3-5) must be configured to respond with address FED6 
each time the MPU requests the restart address. As shown, 
the system also requires an MCM6810 RAM for temporary 
storage. This RAM shall be configured for a FFOO base 
memory address. Figure 3-6 depicts a memory map for a 
system using the MINIBUG Rev. 4 Firmware. 

The MINIBUG ROM Rev. 4 also uses a parallel-to-serial 


data converter to interface with an external terminal. The 
converter’s status register must be located at address FCF4 
and the data register at address FCF5. The least significant 
bit of the status register is used to indicate that the con- / 
verter has received a character and the second bit indicates 
that the converter is ready for the next character to 
be transmitted. 
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FIGURE 3-5. MINIBUG Rev. 4 System Block Diagram 






Restart Vectors 

FFFE 



FFFD 

FF80 

FF7F 

FFOO 


RAM MCM6810 



FEFF 


MINIBUG Rev. 4 



MCM6830L7 

FEOO 



FCF5 


UART 






OOOO 

All Addresses are in Hexadecimal 


FIGURE 3-6. MINIBUG Rev. 4 Memory Map 


4.0 SOFTWARE OPERATION 
4.1 MIKBUG Operation 

The MIKBUG Firmware may be used to debug and 
evaluate a user’s program. The MIKBUG Firmware enables 
the user to perform the following functions: 

Memory Loader Function 

Memory Examine and Change Function 

Print/Punch Memory Function 

Display Contents of MPU Registers Function 

Go to User’s Program Function 

Interrupt Request Function 

Non-Maskable Interrupt Function 

The operating procedures for each of these routines as 
well as the Reset Function are discussed in the following 
paragraphs. The MIKBUG Firmware is inhibited from 
performing the user’s program except in the Go to User’s 
Program Function and the interrupt functions. 


4.1.1 RESET Function 

Perform the RESET Function when power is first 
applied and any time the MIKBUG Firmware loses pro¬ 
gram control. • 
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Press the RESET pushbutton switch. The MIKBUG 
Firmware should gain program control and the terminal 
should respond with a carriage return, a line feed and an 
asterisk. The MIKBUG control program is ready for 
an input. 

4.1.2 Manory Loader Function 

The Memory Loader Function of MIKBUG loads for¬ 


matted binary object tapes or MIKBUG punched memory 
dump tapes into memory and if used, external memory 
modules. Figure 4-1 depicts the paper tape format. It is 
assumed at the start of this function that the MC6800 
MPU is performing its MIKBUG control program and the 
last data printed by the terminal is an asterisk. Figure 4-2 
illustrates a typical Memory Loader Function. 




Leader (Nulls) 

(CR) Formatting for printer 

(LF) readability; ignored 

(NULL) by leader 
S = Start-of-record 
CC = Type of Record 

Byte Count (two frames = 
one byte) 

Address/Size 


Frames 3 through N are hexadecimal digits (in 7-bit ASCII) which are converted 
to BCD. Two BCD digits are combined to make one 8-bit byte. 

The checksum is the one's complement of the summation of 8-blt bytes. 


1. Start-of*Record _ 

2. Type of Record 

3 

Byte Count 

4. __ 

5. 

6. Address/Size 

7. 

8 . _ 

9- 


N. Checksum 


CC= 30 

Header 

Record 



CC= 31 

Data 

Record 



CC= 39 

End-of-File 

Record 



A8 (Checksum) 


(Checksum) 


FIGURE 4-1. Paper Tape Format 
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a. Load the tape into the terminal tape reader, 

b. Set the tape reader switch to AUTO. 

c. Enter the character L after the asterisk. This 
initiates the MIKBUG loading procedure. The 
MIKBUG Firmware ignores all characters prior 
to the start-of-record on the tape. 

NOTE 

Tapes punched by MIKBUG do not have an 
end-of-file character at the end of the record; 
therefore, you must type in the characters S9 
to exit from the memory loader function, or 
push the RESET pushbutton switch. 

Checksum Error Detection 

If, during the loading function, the MIKBUG Firmware 
detects a checksum error, it instructs the terminal to print 
a question mark and then stops the tape reader. 


instructs the terminal to print the contents of this memory 
location. The MIKBUG Firmware in this function displays 
each of the program instructions in machine language. 

It is assumed at the start of this function that therMPU 
is performing its MIKBUG control program and the last 
data printed by the terminal is an asterisk. Figure 4-3 
depicts a typical Memory Examine and Change Function. 

NOTE 

If the memory address selected is in ROM, 

PROM, or protected RAM, the contents of 
this memory location cannot be changed and 
the terminal will print a question mark. 



NOTE 

Underlined characters indicate user input. 


FIGURE 4-3. Typical Memory Examine and Change Function 


♦L. 

sTi 3 0 0 0 0£ OFE 0£ 03 03 
S9 


03 03 03 03 03 03 03 03 03 03 03E3 


FIGURE 4-2. Typical Memory Loader Function 


d. If a checksum error is present, perform one of 
the following substeps: 

1) Press the RESET pushbutton switch and abort 
from the Memory Loader Function. The MPU 
will return to the MIKBUG control program and 
the terminal will print a carriage return, a line 
feed, and an asterisk. 

2) Reposition the tape and enter the character L. 

The record causing the checksum error is reread. 

3) Ignore the checksum error and enter the character 
L. The MIKBUG Firmware ignores the checksum 
error and continues the Memory Loader Function. 

CAUTION 

If a checksum error is in an address and the 
continue option in substep 3 is selected, there 
is no certain way of determining where the data 
will be loaded into the memory. 

4,1.3 Memory Examine and Change Function 

The MIKBUG Firmware performs this function in three 
steps: 1) examining the contents of the selected memory 
location (opening the memory location); 2) changing the 
contents of this location, if required; and 3) returning 
the contents to memory (closing the memory location). 
The MIKBUG Firmware, in examining a memory location, 


a. Enter the character M after the asterisk to open 
a memory location. The terminal will insert a 
space after the M. 

b. Enter in 4-character hexadecimal format the 
memory address to be opened. The terminal 
will print on the next line the memory address 
being opened and the contents of this mem¬ 
ory location. The contents are in hexadecimal. 

c. The operator must now decide whether to change 
the data at this memory location. If the data is to 
be changed, change the data in accordance with 
step d. If the data is not to be changed, the oper¬ 
ator must decide whether to close this location 
and open the following memory location (step e) 
or to close this memory location and return to 
the MIKBUG control program (step f). 

d. If the contents of this memory location are to 
be changed, enter a space code and then the new 
data (in hexadecimal format) to be stored at this 
location. The new contents are stored in memory 
and the terminal prints the following memory 
address and its contents. Return to step c. 

e. To close the present memory and open the follow¬ 
ing memory location, enter any character except 

a space character after the displayed memory 
address contents. The contents are returned to 
memory.and the terminal prints the following 
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memory address and its contents. Return to 
step c. 

f. To close the present memory location and re¬ 
turn to the MIKBUG control program, enter a 
space code followed by a carriage return control 
character. The contents are returned to memory 
and the terminal prints an asterisk on the next 
line. 

4.1.4 Print/Punch Memory Function 

The Print/Punch Memory Function instructs the MIKBUG 
Firmware to punch an absolute formatted binary tape and 
to print the selected memory contents. The tape is formatted 
as shown in Figure 4-1 except that this tape does not con¬ 
tain an end-of-file control character. 

The beginning address and the ending address must be 
entered into the memory. Memory addresses A002 and 
A003 are used to store the beginning address and addresses 
A004 and A005 are used to store the ending address. 

It is assumed that the MPU is performing its MIKBUG 
control program and the last data printed by the terminal 
is an asterisk. Figure 44 illustrates a typical Print/Punch 
Memory Function. 

NOTE 

If you do not wish to punch a tape, turn off 
the terminal’s tape reader. 


♦M fl002 
♦FI002 F7 
♦FI003 e.E 
♦FI004 99 
♦FI005 
♦FI006 

♦fL 

S113 0 0 01 FiFl 0£ 0£ 03 0 

♦ 


are stored in memory and the terminal prints 
address A004 and its contents on the next line. 

e. Enter a space code and the two most significant 
hexadecimal bytes of the ending address aft6r 
the contents of address A004. These two bytes 
are stored in memory and the terminal prints 
address A005 and its contents on the next line. 

f. Enter a space code and the two least significant 
hexadecimal bytes of the ending address after 
the contents of address A005. These two bytes 
are stored in memory and the terminal prints 
address A006 and its contents on the next line. 

g. Enter a space code and carriage return character 
after the contents of address A006. The control 
returns to MIKBUG control program and the 
terminal prints an asterisk. 

h. Enter the character P after the asterisk. The 
MIKBUG Firmware initiates the print/punch 
operation. At the conclusion of the print/punch 
operation the terminal prints an asterisk, and 
returns to the MIKBUG control program. 

4.1.5 Display Contents of MPU Roisters Function 

The Display Contents of MPU Registers Function enables 
the MIKBUG Firmware to display the contents of the 
MC6800 Microprocessing Unit registers for examination 
and change. It is assumed at the start of this function that 
the MPU is performing its MIKBUG control program and 
the last data printed by the terminal is an asterisk. Fig¬ 
ure 4-5 illustrates a typical Display Contents of MPU 
Registers Function. 


M 
QL 
M 

EE 

FIO _ 


02 0£ 02 02 02 02 02 02 02 02FIC79 


FIGURE 4-4. Typical Print/Punch Memory Function 


a. Enter the character M after the asterisk to open 
a memory location. The terminal will insert a 
space code after the M. 

b. Enter the address A002 after the space code. 

The terminal will print on the next line the 
memory address A002 and the contents of 
the address. 

c. Enter a space code and the two most significant 
hexadecimal bytes of the beginning address after 
the contents of address A002. These two bytes 
are stored in memory and the terminal prints 
address A003 and its contents on the next line. 

d. Enter a space code and the two least significant 
hexadecimal bytes of the beginning address after 
the contents of address A003. These two bytes 


♦R. Sfl 

D6 

CE 87FIE CF4I: FI042 

♦M RiMS 


♦FI043 

SFl 


♦FI 044 

D6 


♦FI045 

CE 


♦FI046 

•I* 1*’ 

m 

♦FI 047 

FlE 

j_ 

♦FI04S 

CF 

0 0 

♦FI049 

4II 

0 0 

♦FI04FI 

9E 


♦£. Sfi 

♦ 

DC. 

CE 07FIE 0000 FI042 


FIGURE 4-5. Typical Display Contents of MPU Registers Function 
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a. Enter the character R after the asterisk. The ter¬ 
minal will print the contents of the MPU registers 
in the following sequence: condition code register, 
B accumulator, A accumulator, index register, pro¬ 
gram counter, and stack pointer. On the following 
line the terminal prints an asterisk. 

b. If the contents of any of the registers are to be 
changed, change the data in accordance with 
Paragraph 4.1.3. It should be noted that the address 
of the stack pointer is stored last, and it takes 
eight memory locations to store the contents of 
the MPU registers on the stack. Figure 4-5 illus¬ 
trates changing the contents of the MPU registers 
and identifies the location of each register’s data. 

4.1.6 Go to User’s Program Function 

This function enables the MPU to perform the user’s 
program. It is assumed at the start of this function that 
the MPU is performing its MIKBUG control program and 
the data printed by the terminal is an asterisk. 

Enter the character G after the asterisk. The MC6800 
MPU System will perform the user’s program until one of 
the following conditions occurs: 

1) The MPU encounters a WAI (WAIt) instruction. 

The MPU now waits for a non-maskable interrupt 
or an interrupt request. 

2) The MPU encounters a SWI (Software Interrupt) 
instruction. The MPU stores the data in the MPU 
registers on the stack and jumps to the MIKBUG 
control program. The terminal prints the contents 
of the MPU registers from the stack. 

3) The RESET pushbutton switch is actuated. This 
switch is to be actuated when the user’s program 
blows and places the MPU under the MIKBUG 
control program. 

4.1.7 Interrupt Request Function 

This function enables the user to evaluate a maskable 
interrupt routine. Steps a through e prepare the firmware 
to process an interrupt request and step f discusses per¬ 
forming the interrupt routine. It should be noted that 
this interrupt may be initiated at any time. It is assumed 
in preparing the MPU to process the interrupt request 
that the MPU is processing its MIKBUG control program 
and the last data printed by the terminal is an asterisk. 

a. Enter the character M after the asterisk. The 
terminal will insert a space code after the M. 

b. Enter the address AOOO. The terminal will print 
on the next line the memory address AOOO and 
the contents of this memory location. 

c. Enter a space code and the two most significant 
hexadecimal bytes of the first interrupt routine’s 
address after the contents of address AOOO. These 
two bytes are stored in memory and the terminal 
prints address AOOl and its contents on the next 
line. 


d. Enter a space code and the two least significant 
hexadecimal bytes of the first interrupt routine’s 
address after the contents of address AOOl. 

These two bytes are stored in memory and the 
terminal prints address A002 and its contents 
on the next line. 

e. Enter a space code and a carriage return character 
after address A002. The MPU jumps to its MIKBUG 
control program and the terminal prints an asterisk. 

The MPU now is enabled and ready to perform a mask¬ 
able interrupt routine when the interrup mask is cleared. 

This interrupt routine may be initi ated a t any time either 
through the PIA (if enabled) or the IRQ input to the MPU. 
Initiating an interrupt through the PIA is discussed in the 
MC6820 Peripheral Interface Ada pter d ata sheet while 
initiating an interrupt through the IRQ input is dis¬ 
cussed below. 

f. Ground IRQ input. If the interrupt mask is not 
set, the MPU will jump to the interrupt service 
routine indirectly through addresses AOOO and 
AOOl. This is accomplished in MIKBUG by load¬ 
ing the index register with the contents of address¬ 
es AOOO and AOOl and then jumping to the address 
stored in the index register. 

g. Remove the ground from the IRQ input. 

4.1.8 Non-Maskable Interrupt Function 

This function enables the user to evaluate a non-maskable 
interrupt routine. Steps a through e prepare the MC6800 
MPU System to process a NMI (Non-Maskable Interrupt) 
input and step f discusses performing the interrupt routine. 

It is assumed in preparing the MC6800 MPU System to 
process a non-maskable interrupt that the MC6800 MPU 
System is processing its MIKBUG control program and the last 
last data printed by the data terminal is an asterisk. 

a. Enter the character M after the asterisk. The 
terminal will insert a space code after the M. 

b. Enter the address A006. The terminal will print 
on the next line the memory address A006 and 
the contents of this memory location. 

c. Enter a space code and the two most significant 
hexadecimal digits of the first interrupt routine’s 
address after the contents of address A006. These 
two digits are stored in memory and the terminal 
prints address A007 and its contents on the next 
line. 

d. Enter a space code and the two least significant 
hexadecimal digits of the first interrupt routine’s 
address after the contents of address A007. These 
two digits are stored in memory and the terminal 
prints address A008 and its contents on the next 
line. 

e. Enter a space code and a carriage return character 
after address A008. The MC6800MPU System 
jumps to its MIKBUG control program and the 
terminal prints an asterisk. 
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The MC6800 MPU System now is enabled to perform a 
non-maskable interrupt routine. This non-maskable inter¬ 
rupt routine may be initiated at any time through the 
MC6800 MPU System NMI input. 

f. Ground the NMI input Pl-E. If the non-maskable 
interrupt is not disabled (E3 to E4), the MPU 
will jump to the interrupt service routine indi¬ 
rectly through addresses A006 and A007. This 

is accomplished in MIKBUG by loading the index 
register with the contents of addresses A006 and 
A007 and then jumping to the address stored in 
the index register. 

g. Remove the ground from the NMI input Pl-E. 

4.2 MINIBUG Rev. 4 Operation 

The MINIBUG Firmware enables the user’s system using 
the MIKBUG/MINIBUG ROM to perform the following 
functions: 

Memory Loader Function 
Memory Examine and Change Function 
Display Contents of MPU Registers Function 
Go to User’s Program Function 

The operating procedures for each of these routines as 
well as the RESET Function are discussed in the follow¬ 
ing paragraphs. 

4.2.1 RESET Function 

Perform the RESET Function when power is first 
applied and any time the MINIBUG Firmware loses pro¬ 
gram control. 

Press the RESET switch (or equivalent). The MINIBUG 
Firmware should respond with a carriage return and a line 
feed character. The MINIBUG program control now is 
ready for an input. 

4.2.2 Memory Loader Function 

The memory loader function of MINIBUG loads for¬ 
matted binary object tapes into memory. Figure 4-1 depicts 
the paper tape format. It is assumed at the start of this 
function that the MC6800 MPU is performing its MINIBUG 
control program. Figure 4-6 illustrates a typical memory 
loader function. 


a. Load the tape into the tape reader. 

b. Set the tape reader switch to AUTO. 

c. Enter the character L. This initiates the MINIBUG 
loading procedure. The MINIBUG program ignores 
all characters prior to the start-of-record on the 
tape. 

Checksum Error Detection 

If during the loading function, the MINIBUG Firmware 
detects a checksum error, it instructs the terminal to print 
a question mark and stops while the MPU performs the 
MINIBUG control program. To load the tape, the user 
will have to repeat the memory loader function. 

4.2.3 Memory Examine and Change Function 

The MINIBUG Firmware performs this function in 
three steps: 1) examining the contents of the selected 
memory location (opening the memory location); 2) 
changing the contents of this location, if required; and 
3) returning the contents to memory (closing the memory 
location). The Firmware, in examining a memory location, 
instructs the terminal to print the contents of this mem¬ 
ory location in hexadecimal format. The MINIBUG Firm¬ 
ware in this function displays each of the program in¬ 
structions in machine language. 

It is assumed at the start of this function that the MPU 
is performing its MINIBUG control program. Figure 4-7 
depicts a typical Memory Examine and Change Function. 

NOTE 

If no memory, a ROM, or a PROM is located 
at the selected address, the contents of this 
memory address cannot be changed and the 
terminal will print a question mark. 



FIGURE 4-7. Typical Memory Examine and Change Function 


S113 0 0 0 02 OFE 02 02 02 02 020202020202020202 02B2 


S9 


FIGURE 4-6. Typical Memory Loader Function 
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a. Enter the character M. The terminal will insert a 
space code after the M. 

b. Enter in 4-character hexadecimal the memory 
address to be opened. The terminal will print a 
space code and then the contents of this memory 
location. The contents are in hexadecimal. 

c. The operator must now decide whether to change 
the data at this memory location. If the data is 

to be changed, enter the two new hexadecimal 
characters to be stored in this location. The new 
contents are stored in memory and the MPU 
returns to the MINIBUG control program. If 
the data is not to be changed, enter a carriage 
return character; the previous contents are re¬ 
turned to memory and the MPU returns to the 
MINIBUG control program. 

4.2.4 Display Contents of MPU Registers Function 

The Display Contents of MPU Registers Function enables 
the MINIBUG Firmware to display the contents of the 
MC6800 Microprocessing Unit registers for examination and 
change. It is assumed at the start of this function that the 
MPU is performing the MINIBUG control program. Fig¬ 
ure 4-8 illustrates a typical Display Contents of MPU 
Registers Function. 


£ 00 00 00 00 00 00 00 FF 29 
ri 0000 FF TE^ 

J1 0001 00 
SI 0002 00 

s. 


FIGURE 4-9. Typical Go to User's Program Function 

Enter the character G. The MPU will load the MPU 
registers with the contents identified in Paragraph 4.2.4 
and then start running the user’s program at the address in 
the program counter (locations FF2E and FF2F). The 
program counter may be changed using the Memory Ex¬ 
amine and Change Function in Paragraph 4.2.3. 


cc 

B 

A 

XH 

XL 

PH 

PL 

SH 

SL 

P 00 

00 

00 

00 

00 

FO 

00 

FF 

29 


FIGURE 4-8. Typical Contents of MPU Register Function 


a. Enter the character P. The terminal will print 
the contents of the MPU registers in the follow¬ 
ing sequence: 


SP 

Contents 

MPU Register 

FF29 

00 

Condition Code Register 

FF2A 

00 

B Accumulator 

FF2B 

00 

A Accumulator 

FF2C 

00 

Index Register High 

FF2D 

00 

Index Register Low 

FF2E 

FO 

Program Counter High 

FF2F 

00 

Program Counter Low 


b. Use the Memory Examine and Change Function 
in paragraph 4,2.3 to change the contents of a 
register. 

4.2.5 Go to User’s Program Function 

This function enables the MPU to perform the user’s 
program. It is assumed at the start of this function that the 
MPU is performing its MINIBUG control program. Figure 4-9 
illustrates a typical Go to User’s Program Function. 
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5.0 MIKBUG REV. 9 PROGRAM LISTING 


&01Q0 





HAH HIKBUG 

DQZtiO 




* 

REV 009 

00300 




* 

COPYRIGHT 1974 BY MOTOROLft INC 

00500 




* 

HIKBUG (TN) 

00700 




t 

L LORO 

OOSOO 




* 

G GO TO TARGET PROGRAM 

00900 





H MEMORY CHANGE 

01000 





P PRINT/PUNCH DUMP 

01100 




* 

R DISPLAY CONTENTS OF TARGET STACK 

01200 




* 

CC B A X P S 

01400 


8007 

PIflSB 

EQU S8007 

01500 


8006 

PIftDB 

EQU S8006 B DATA 

01600 


8005 

PIflS 

EQU $8005 PIA STATUS 

01700 


8004 

PIftO 

EQU $8004 PIA DATA 

01800 





OPT MEMORY 

01900 

EOOO 




ORG $E000 

02100 




* 

I/O INTERRUPT SEQUENCE 

02200 

EOOO 

FE 

flOOO 

10 

LDX lOV 

02300 

E003 

6E 

00 


JMP X 

500 




* NMI 

SEQUENCE 

02600 

E005 

FE 

9006 

POWOWN 

I LDX NIO SET NMI VECTOR 

02700 

E008 

6E 

00 


JMP X 


03000 


EOOA 

LOAD 

EQU 


* 



03100 

EOOA 

86 

3C 


LDA 

A 

♦ $3C 



03200 

EOOC 

B7 

8007 


5TA 

A 

PIAS8 

READER RELAY 

ON 

03300 

EOOF 

86 

11 


LDA 

A 

#Q21 



03400 

EOi 1 

80 

62 


BSR 


DUTCH 

Ol^TPUT CHAR 


03600 

EQU 

80 

63 

L0AD3 

3 SR 


INCH 



03700 

E015 

81 

53 


CMP 

A 

*'’S 



03800 

E0i7 

26 

FA 


BNE 


L0AD3 

1ST CHAR NOT 

(S) 

03900 

E019 

80 

50 


BSR 


INCH 

READ CHAR 


04000 

EOIB 

81 

39 


CMP 

A 

♦ •'9 



04100 

EOID 

27 

25 


BEQ 


L0A021 



04200 

EOIF 

81 

31 


CMP 

A 

*'l 



04300 

E021 

26 

FO 


BNE 


L0AD3 

2ND CHAR NOT 

(1) 

04400 

E023 

7F 

AOOA 


CLR 


CKSM 

ZERO CHECKSUM 


04500 

E026 

8D 

2D 


BSR 


BYTE 

READ BYTE 


04600 

E028 

80 

02 


SUB 

A 

#2 



04700 

E02A 

B7 

A006 


STA 

A 

BYTECT 

BYTE COUNT 


04800 




* BUILD 

' ADORE 

3S 



04900 

E020 

8D 

18 


BSR 


BADDR 



05000 




* STORE 

DATA 




05100 

E02F 

8D 

24 

LOADll 

BSR 


BYTE 
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MIKBUG REV. 9 PROGRAM LISTING (continued) 


05200 

E031 

7fl 

AOOB 


DEC 


BYTECT 



05300 

E034 

27 

05 


BEQ 


LOAD15 

ZERO 

BYTE COUNT 

05400 

E036 

A7 

00 


STfl 

A 

X 

STORE 

DATA 

05500 

E038 

08 



I NX 





05600 

E039 

20 

F4 


BRA 


LOADll 



05800 

EQ3B 

7C 

AOOA 

L0flD15 

INC 


CKSH 



05900 

E03E 

27 

D3 


BEQ 


L0A03 



06000 

E040 

86 

3F 

L0fi019 

LDA 

A 

#' ? 

PRINT 

QUESTION HARK 

06100 

E042 

80 

31 


BSR 


DUTCH 



06200 


E044 

L0ft021 

EQU 


* 



06300 

E044 

7E 

E0E3 

Cl 

JMP 


CONTRL 




06500 




* BUILD ADDRESS 



06600 

EQ47 

80 

OC 

BAODR BSR 

BYTE 

READ 

2 FRAMES 

08700 

E04 9 

B7 

AOOC 

STA A 

XHI 



06800 

E04C 

80 

07 

BSR 

BYTE 



06900 

E04E 

B7 

AOOD 

STA A 

XLOU 



n ^7 on n 

*J ■' L; u ■ j 

E05i 

FE 

AOOC 

LDX 

XHI 

(X) 

ADDRESS HE BUILT 

07100 

E054 

39 


RTS 





0-^300 




* INPUT 

BYTE 

(TUO FRAMES) 



0^400 

EOS 5 

80 

53 

BYTE 

BSR 


INHEX 

GET 

HEX 

CHAR 

0 7 50 0 

£057 

48 



ASL 

A 





07600 

E05 8 

4 3 



ASL 

A 





0 7700 

EOS 9 

4 8 



ASL 

A 





U / duu 

E05A 

48 



ASL 

A 





0 7 900 

£ 0 5 B 

16 



TAB 






08000 

E05C 

8D 

4C 


BSR 


INHEX 




oaioQ 

E05E 

1 B 



ABA 






0820 0 

E05- 

1 6 



TAB 






08300 

E 0 6 0 

K d* 

A 0 0 A 


ADD 

8 

CKSH 




0 S 4 0 0 

E 0 fa 3 

r7 

AOOA 


STA 

B 

CKSH 




08500 

E066 

3 9 



RTS 






08 700 

E06 7 

44 


OLiTHL 

LSR 

A 


OUT 

HEX 

LEFT BCD DIGIT 

0 £ 8 0 0 

EQbS 

44 



LSR 

A 





08900 

E06 9 

44 



LSR 

A 





0 9000 

106 A 

44 



LSR 

A 






09 300 

EQ6B 

8 4 

OF 

OUTHR AND A 

*SF 

OUT HEX RIGHT BCD DIGI 

0 9 400 

E U fa D 

88 

30 

ADD A 

♦ $30 


09500 

E06 F 

81 

39 

CMP A 

♦ $39 


09600 

E07i 

23 

02 

BLS 

OUTCH 


09700 

E073 

8B 

07 

ADD A 

#S7 


09900 




* OUTPUT ONE 

CHAR 


10000 

E075 

7E 

ElDl 

OUTCH JMP 

OUTEEE 


10100 

E078 

7E 

ElAC 

INCH JMP 

INEEE 
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MIKBUG REV. 9 PROGRAM LISTING (continued) 

10200 » PRINT DftTfl POINTED ftT BY X-RE6 


10300 

E07B 

80 

F8 

PDflTfl2 

BSR 


DUTCH 


10400 

E070 

08 



INX 




10500 

E07E 

A6 

00 

PDftTfll 

LDA 

A 

X 


10600 

E080 

81 

04 


CHP 

A 

*4 


10700 

E082 

26 

F7 


BNE 


P0ATA2 


loaoo 

E084 

39 



RTS 



STOP ON EOT 

11000 




« CHANGE HEHORY (H AAAA 

1 DO NN) 

11100 

E085 

8D 

CO 

CHANGE 

BSR 


BADDR 

BUILD ADDRESS 

11200 

E087 

CE 

E19D 

CHA51 

LOX 


♦ MCL 


11300 

E08fl 

8D 

F2 


BSR 


PDATAl 

C/R L/F 

11400 

E08C 

CE 

ftOOC 


LOX 


tXHI 


11500 

E08F 

80 

37 


BSR 


0UT4HS 

PRINT ADDRESS 

11600 

E091 

FE 

ftOOC 


LOX 


XHI 


11700 

E094 

8D 

34 


BSR 


0UT2HS 

PRINT DATA (OLD) 

liSQO 

E096 

FF 

AOOC 


STX 


XHI 

SAVE DATA ADDRESS 

11900 

E099 

80 

00 


BSR 


INCH 

INPUT ONE CHAR 

12000 

E09B 

81 

20 


CMP 

A 

#$20 


12100 

E090 

26 

E8 


BNE 


CHA51 

NOT SPACE 

12200 

E09F 

80 

B4 


BSR 


BYTE 

INPUT NEW DATA 

12300 

EOftl 

09 



OEX 




12400 

E0ft2 

fl7 

00 


STR 

A 

X 

CHANGE MEMORY 

12500 

EOfl4 

fll 

00 


CMP 

A 

X 


12600 

E0fl6 

27 

OF 


BEQ 


CHA51 

DID CHANGE 

12700 

E0ft8 

20 

96 


BRA 


L0A019 

NOT CHANGED 


13100 * INPUT HEX CHftR 


13200 

EOAA 

80 

CC 

IN HEX 

BSR 


INCH 



13300 

EOAC 

80 

30 


SUB 

A 

♦ $30 



13400 

EQAE 

2B 

94 


BMI 


Cl 

NOT 

HEX 

13500 

EOBQ 

81 

09 


CMP 

A 

♦ $09 



13600 

E0B2 

2F 

OA 


BIE 


INIHG 



1370Q 

E0B4 

81 

11 


CHP 

A 

*$11 



13300 

E0B8 

2B 

8C 


BMI 


Cl 

NOT 

HEX 

13900 

EOBS 

81 

16 


CMP 

A 

#$16 



14000 

EOBA 

2E 

88 


BGT 


Cl 

NOT 

HEX 

14100 

EOBC 

SO 

07 


SUB 

A 

*7 



14 200 

EOBE 

39 


INIHG 

RTS 






1 4 50 0 

EOBF 

A6 

00 

0UT2H 

LOA 

A 

0,-X 

OUTPUT 2 

HEX 

CHAR 


14 500 

E 0 C 1 

80 

A4 

0UT2HA 

BSR 


OUTHL 

OUT LEFT 

HEX 

CHAR 


1 4 700 

E 0 C 3 

A6 

00 


LDA 

A 

O 7 X 





1 4 800 

E0C5 

08 



INX 







14900 

E0C6 

20 

A3 


BRA 


OUTHR 

OUTPUT RIGHT 

HEX 

CHAR AND R 

1510 0 

EQCS 

8 0 

F5 

0iJT4HS 

BSR 


0UT2H 

OUTPUT 4 

HEX 

CHAR 

t SPACE 

1 3 ii U U 

EOCA 

SO 

F3 

0UT2HS 

BSR 


0UT2H 

OUTPUT 2 

HEX 

CHAR 

» SPACE 
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MIKBUG REV. 9 PROGRAM LISTING (continued) 


15300 

EOCC 

86 

20 

OUTS LDfl 

A 

*S20 

SPACE 


15400 

EOCE 

20 

ftS 


BRA 


OUTCH 

(BSR i RTS) 


15600 




* 

ENTER POWER 

ON SEQUENCE 


15700 


EODO 

STftRT EQU 


* 



15800 

EODO 

8 E 

ft042 


LOS 


tSTACK 



15900 

E0D3 

BF 

ft008 


STS 


SP 

INZ TARGET'S STACK 1 

PNTR 

16000 





INZ PIfl 





16100 

E0D6 

CE 

8004 


LDX 


♦ PIftO 

(X) POINTER TO.DEVICE PIA 

16200 

E0D9 

6 C 

00 


INC 


0,X 

SET DATA DIR PIAD 


16300 

EODB 

86 

07 


LDft 

A 

*$7 



16400 

EODD 

fl7 

01 


STft 

ft 

1»X 

INIT CON PIAS 


16500 

EODF 

6 C 

00 


INC 


0,X 

MARK COM LINE 


16600 

EQEl 

ft? 

02 


STft 

ft 

2,X 

SET DATA DIR PIADB 


16700 

E0E3 

86 

34 

CONTRL LOft 

ft 

t$34 



16800 

E0E5 

87 

8007 


STft 

ft 

PIftSB 

SET CONTROL PIASB TURN READ 

16900 

E0E8 

B7 

8006 


STft 

ft 

PIftOB 

SET TIMER INTERVAL 


17000 

EOEB 

8 E 

ft042 


LDS 


♦STACK 

SET CONTRL STACK POINTER 

17100 

EOEE 

CE 

Ei9C 


LDX 


♦ MCLOFF 



1 7300 

EOFl 

8 D 

8 B 


BSR 


POftTAl 

PRINT DATA STRING 


17500 

EOF 3 

80 

83 


BSR 


INCH 

READ CHARACTER 


1 7600 

E0F5 

1 6 



TftB 





1 7700 

EOF 6 

8 D 

04 


BSR 


OUTS 

PRINT SPACE 


i"800 

EOFS 

Cl 

4C 


CMP 

8 

#'L 



17300 

EOFfl 

26 

03 


BNE 


r+5 



18000 

EOFC 

7E 

EOOft 


JMP 


LOAD 



18100 

h u r r 

Cl 

40 


CHP 

B 

♦ ’’H 



18200 

ElOi 

27 

82 


BEQ 


CHANGE 



1 S 3 0 G 

Ei03 

Cl 

52 


CHP 

B 

♦ 'R 



18400 

E105 

27 

18 


BEQ 


PRINT 

STACK 


185 0 0 

E10 7 

Cl 

50 


CHP 

B 

♦ ''P 



1 8600 

E i 0 9 

27 

32 


BEQ 


PUNCH 

PRINT/PUNCH 


1 870 0 

ElOB 

4 

U X 

47 


CHP 

B 

♦ •' G 



18 800 

EIQO 

26 

04 


BNE 


CONTRL 



1S30Q 

ElOF 

BE 

ftOQS 


LOS 


SP 

RESTORE PGM'S STACK 

PTR 

i 9000 

E112 

3B 



RTI 



GO 


1 9 20 0 




* 

ENTER FROM 

SOFTWARE 

INTERRUPT 


1 9 300 


Ell 

T 

. wi 

s 

FE EQU 


* 



19400 

E113 

BF 

ft008 


STS 


SP 

SftVE TARGET'S STACK 

POINTER 

19 500 




* 

DECREMENT P 

-COUNTER 



1 960Q 

Elio 

30 



T5X 





19 700 

Eli? 

60 

06 


TST 


6 ;X 



19800 

E119 

26 

02 


BNE 


* ^4 



19900 

EllB 

bfl 

05 


DEC 


5;X 



20000 

EllD 

6 ft 

06 


DEC 


6 ,X 



20200 





PRINT CONTENTS OF STACK 


20300 

EliF 

FE 

ft008 

PRINT LOX 


SP 



20400 

Ei22 

08 



INX 
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MIKBUG REV. 9 PROGRAM LISTING (continued) 


20500 

E123 

80 

ftS 


BSR 

0UT2HS 

CONDITION CODES 

20600 

E125 

80 

ft3 


BSR 

0UT2HS 

flCC-B 

20700 

E127 

80 

fll 


BSR 

0UT2HS 

ftCC-fl 

20800 

E129 

80 

90 


BSR 

0UT4HS 

X-REG 

20900 

E12B 

80 

9B 


BSR 

0UT4HS 

P-COUNTER 

21000 

E12D 

CE 

ft008 


LOX 

♦ SP 


21100 

E130 

80 

96 


BSR 

0UT4HS 

STACK POINTER 

21200 

E132 

20 

AF 

C2 

BRfl 

CONTRL 


21400 




* 

PUNCH 

DUMP 


21500 




* 

PUNCH 

FROM BEGININ6 ftOORESS (BESft) THRU ENDI 

21600 




* 

ADDRESS (ENOft) 


21700 




* 




21900 

E134 

00 


HTftPEl 

FCB 

$0 f $ ft f 0/ 

0;0;0; ' S;' 14 PUNCH FORMAT 


E135 

Oft 







E136 

00 







E137 

00 







E138 

00 







E139 

00 







E13ft 

53 







Ei3B 

31 







E13C 

04 






22100 


E13D 

PUNCH 

EQU 

* 


22300 

E130 

86 

12 


LDA ft 

*512 

TURN TTY PUNCH ON 

22400 

E13F 

BD 

E075 


JSR 

DUTCH 

OUT CHAR 

22600 

E142 

FE 

fl002 


LOX 

BEGfl 


22700 

E145 

FF 

ftOOF 


3T.X 

TU 

TEMP BEGINING ADDRESS 

22800 

E148 

B6 

ft005 

PUNli 

LDA ft 

ENOfl+1 


22900 

E14B 

BO 

fiOlQ 


SUB ft 

TN+1 


23000 

E14E 

F6 

ft004 


LDft B 

ENOft 


23100 

E15i 

F2 

ftOOF 


SBC B 

TW 


23200 

E154 

26 

04 


BNE 

PUN22 


23300 

E158 

81 

10 


CMP ft 

♦ 16 


23400 

E158 

25 

02 


BCS 

PUN23 


23500 

EISA 

86 

OF 

PUN22 

LDft ft 

*15 


23600 

Else 

88 

04 

PUN23 

flOO ft 

♦ 4 


23700 

E15E 

B7 

ftOll 


STft ft 

HCONT 

FRAME COUNT THIS RECORD 

23800 

E161 

80 

03 


SUB ft 

*3 

- 

23900 

E163 

B7 

ftOQE 


STft ft 

TEMP 

BYTE COUNT THIS RECORD 

24000 




* 

PUNCH 

C/R,L/F;NULL,S; 1 

24100 

E166 

CE 

E134 


LDX 

♦MTflPEl 


24200 

E169 

BO 

E07E 


JSR 

PDftTfll 


24300 

E16C 

5F 



CLR B 


ZERO CHECKSUM 

24400 




* 

PUNCH 

FRAME COUNT 

24500 

E160 

CE 

ftOll 


LDX 

♦MCONT 


24600 

E170 

80 

25 


BSR 

PUNT2 

PUNCH 2 HEX CHAR 

24700 




* 

PUNCH 

ADDRESS 
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MIKBUG REV. 9 PROGRAM LISTING (continued) 


24»00 

E172 

CE 

AOOF 


LOX 

♦ TW 


24900 

E175 

80 

20 


BSR 

PUNT2 


25000 

E177 

80 

IE 


BSR 

PUMT2 


25100 




« 

PUNCH 

DRTR 


25200 

E179 

FE 

900F 


LOX 

TU 


25300 

E17C 

80 

19 

PUN32 

BSR 

PUNT2 

PUNCH ONE BYTE (2 FRAMES) 

25400 

E17E 

7fl 

ROOE 


DEC 

TEMP 

DEC BYTE COUNT 

25500 

E181 

26 

F9 


BNE 

PUM32 


25600 

E183 

FF 

ROOF 


STX 

T« 


25700 

E186 

53 



COM 

B 


25800 

E187 

37 



PSH 

B 


25900 

E188 

30 



TSX 



26000 

E189 

80 

OC 


BSR 

PUNT2 

PUNCH CHECKSUM 

26100 

E18B 

33 



PUL 

B 

RESTORE STACK 

26200 

E18C 

FE 

ROOF 


LDX 

TW 


26300 

E18F 

09 



DEX 



26400 

E190 

BC 

fl004 


CPX 

ENOfl 


26500 

E193 

26 

83 


BNE 

PUN 11 


26600 

E195 

20 

98 


BRfi 

C2 

JMP TO CONTRL 


26800 




* 

PUNCH ; 

2 HEX CHftR 

; UPDATE CHECKSUM 

26900 

E197 

EB 

00 

PUNT2 

ADD B 

0;X 

UPDATE CHECKSUM 

27000 

E199 

7E 

EOBF 


JMP 

0UT2H 

OUTPUT TWO HEX CHftR AND RTS 

27020 

E19C 

13 


HCLOFF 

FCB 

S13 

READER OFF 

•27100 

E19D 

00 


MCL 

FCB 

$0? .5ftj S14.-0?0;0. '*.4 C/R; L/F; PUNCH 


E19E 

Oft 







E19F 

14 







ElftO 

00 







Eiftl 

00 







Elfi2 

00 







EiA3 

2ft 







E1A4 

04 






27200 




* 




27300 

EiftS 

FF 

ft012 

SftV 

STX 

XTEMP 


27400 

ElftS 

CE 

8004 


LOX 

♦ PlflO 


27500 

eihb 

39 



RTS 



27600 




* INPUT ONE 

CHftR INTO 

A-REGISTER 

27700 

ElftC 

37 


INEEE 

PSH B 


SAVE ACC-B 

278GQ 

ElftD 

80 

F6 


BSR 

SflV 

SAV XR 

27900 

EiftF 

A6 

00 

INI 

LDfl ft 

0,X 

LOOK FOR START BIT 

28000 

ElBl 

2B 

FC 


BHI 

INI 


28100 

E1B3 

6F 

02 


CLR 

2,X 

SET COUNTER FOR HALF BIT TI 

28200 

E1B5 

80 

3C 


BSR 

DE 

START TIMER 

28300 

E1B7 

80 

36 


BSR 

DEL 

DELAY HALF BIT TIME 

28400 

E1B9 

C6 

04 


LOft B 

#4 

SET DEL FOR FULL BIT TIME 

28500 

EIBB 

E7 

02 


STft B 

2>X 


28600 

ElBD 

58 



flSL B 


SET UP CNTR WITH 8 
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MIKBUG REV. 9 PROGRAM LISTING (continued) 


28700 

ElBE 

8D 

2F 

IN3 

BSR 


28800 

EICO 

00 



SEC 


28900 

ElCi 

69 

00 


ROL 


29000 

E1C3 

46 



ROR 

A 

29100 

E1C4 

5A 



DEC 

B 

29200 

E1C5 

26 

F7 


BNE 


29300 

E1C7 

80 

26 


BSR 


29400 

E1C9 

84 

7F 


AND 

A 

29500 

EICB 

81 

7F 


CMP 

A 

29600 

EICD 

27 

EO 


BEQ 


29700 

EICF 

20 

12 


BRA 



29900 



* OUTPUT ONE 

30000 

ElOl 

37 

OUTEEE 

P3H 

B 

30100 

E102 

80 01 


BSR 


30200 

E1D4 

C6 OA 

lOUT 

LDA 

B 

3Q300 

E1D6 

6A 00 


DEC 


30400 

E1D8 

80 19 


BSR 


30500 



sk 



3Q60Q 

ElDfl 

80 13 

OUTl 

BSR 


30700 

ElDC 

A7 00 


STA 

A 

30800 

ElOE 

00 


SEC 


30900 

EIDF 

46 


ROR 

A 

31000 

ElEO 

5A 


DEC 

B 

31100 

ElEl 

26 F7 


BNE 


3120Q 

EiE3 

E8 02 

I0UT2 

LDA 

6 

31300 

E1E5 

58 


ASL 

8 

31400 

E1E6 

2A 02 


BPL 


31500 

E1E8 

80 05 


BSR 


31600 

ElEA 

FE A012 

lOS 

LDX 


31700 

ElED 

33 


PUL 

8 

31800 

f Q n n 

ElEE 

39 

•if 

RTS 


32000 

ElEF 

60 02 

A 

DEL 

TST 


321Q0 

ElFl 

2A FC 


BPL 


3 2200 

EiF3 

&C 02 

OE 

INC 


32300 

E1F5 

6A 02 


DEC 


324Q0 

E1F7 

39 


RTS 


3 2 600 

EIFS 

EOOO 


FOB 


3 2700 

EIFA 

E113 


FOB 


32800 

EIFC 

E005 


FOB 


3290Q 

EIFE 

EODO 


FOB 


33000 

hOOQ 



ORG 


33100 

ft 000 

0002 

lOV 

RM8 


33200 

A002 

0002 

BEGA 

RMB 


33300 

A004 

0002 

ENDA 

RMB 


33400 

A 00 6 

0002 

NIO 

RMB 


33500 

A003 

0001 

SP 

RMB 


33600 

A009 

0001 


RMB 


33700 

AOOA 

0001 

cksm 

RMB 



DEL U9IT ONE CHAR TIME 

NARK CON LINE 
0,X SET BIT INTO CFF 

CFF TO AR 

IN3 

DEL WAIT FOR STOP BIT 

♦S7F RESET PARITY BIT 

♦ S7F 

INI IF RUB0UT»6ET NEXT CHAR 

I0UT2 GO RESTORE RES 


CHAR 

SAV BR 
SAV SAV XR 

*SA SET UP COUNTER 

0»X SET START BIT 

DE START TIMER 

DEL DELAY ONE BIT TIME 

0,X PUT OUT ONE DATA BIT 

SET CARRY BIT 
SHIFT IN NEXT BIT 
DECREMENT COUNTER 
OUTl TEST FOR 0 

2,X TEST FOR STOP BITS 

SHIFT BIT TO SIGN 
lOS BRANCH FOR 1 STOP BIT 

DEL DELAY FOR STOP BITS 

XTEMP RES XR 

RESTORE BR 


2jX is time UP 

DEL 

27X RESET TIMER 

2;X 


10 

SFE 

POMDWN 

START 

SADOO 

2 10 INTERRUPT POINTER 

2 BESINING AODR PRINT/PUNCH 

2 ENDING ADOR PRINT/PUNCH 

2 NMI interrupt POINTER 

1 S-HIGH 

1 S-LOW 

i CHECKSUM 
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MIKBUG REV. 9 PROGRAM LISTING (continued) 


0001 

BYTECT 

RMB 

1 

BYTE COUNT 

0001 

XHI 

RHB 

1 

XREG HIGH 

0001 

XLOW 

RMB 

1 

XREG LOU 

0001 

TEMP 

RMB 

1 

CHAR COUNT (INAOD) 

0002 

TW 

RMB 

2 

TEMP/ 

0001 

MCONT 

RMB 

1 

TEMP 

0002 

XTEHP 

RMB 

2 

X-REG TEMP STORAGE 

002E 


RMB 

46 


0001 

STACK 

RMB 

1 

STACK POINTER 


33800 

AOOB 

33900 

AOOC 

34000 

AOOO 

34100 

AOOE 

34200 

AOOF 

34300 

AOll 

34400 

A012 

34500 

A014 

34600 

A042 

35000 

SYMBOL 

TABLE 

PIA3B 

8007 

POWDUN 

EDO 5 

L0A019 

E040 

OUTHL 

E06 7 

FDATAl 

EQ7E 

0UT2H 

EQBF 

START 

EQDO 

HTAPEi 

E134 

FUN32 

E17C 

IHEEE 

ElAC 

0 U TI 

EIDA 

lOV 

AOOO 

CKSM 

AOOA 

TW 

AOOF 


PlflDB 8006 
LOAD EOOA 
L0ftD21 E044 
OLiTHR E06B 
CHANGE E0S5 
0UT2HA EOCl 
CONTRL EQE3 
PUNCH E13D 
PUNT2 E197 
INI ElAF 
I0UT2 E1E3 
BtGA A002 
BYTECT AOOB 
MCONT AOil 


END 


PIAS 8005 
L0AD3 E013 
Cl E044 
DUTCH E075 
CHA51 E087 
0UT4HS E0C8 
SFE Eil3 
PUNii Ei48 
HCLOFF E19C 
IN3 ElBE 
IDS ElEA 
ENDA A004 
XHI AOOC 
XTEHP A012 


PIAD 8004 
LOADll E02F 
BADDR E047 
INCH E078 
INHEX EOAA 
0UT2HS EOCA 
PRINT EllF 
PUN22 EISA 
MCL E19D 
OUTEEE ElDl 
DEL ElEF 
NIC A006 
XLOW AOOO 
STACK A042 


10 

EOOO 

L0AD15 

E03B 

BYTE 

EQ55 

PDATA2 

E078 

INIHG 

EDBE 

OUTS 

EOCC 

C2 

E132 

PUN 2 3 

E15C 

SAV 

E1A5 

Tout 

E1D4 

DE 

E1F3 

SP 

A008 

TEMP 

AQOE 



6.0 MINIBUG REV. 4 PROGRAM LISTING 


00100 

00110 

00120 

00140 

00180 

00190 

00200 

00210 

00220 

00230 

00240 

00250 

00260 

00270 

00280 

00290 

00300 

00320 

00330 

00340 

00350 

00360 

00370 

00380 

00390 

00400 

00410 

00420 

00430 

00450 

00460 

00470 

00480 

00500 

00510 

00520 

00530 

00540 

00550 

00560 

00570 

00580 

00590 

00600 

00610 

00620 

00630 

00640 

00650 

00660 


NRM MIMIB 

♦ MINI-BUS 

♦ CDPYWRITE 1973» MOTDROLfl INC 

♦ REV 004 <USED WITH MIKBUG) 



FCF4 

RCIRCS 

EQU 

9176364 

RCIR CDNTROL/STflTUS 


FCF5 

RCIRDR 

EQU 

RCIRCS+l 


FEOO 




ORG 

SFEOO 





♦ MINIB 






♦ INPUT ONE CHRR INTO 

R-REGISTER 

FEOO 

B6 

FCF4 

INCH 

LDR R 

RCIRCS 


FE03 

47 



RSR R 



FE04 

24 

Ffl 


BCC 

INCH 

RECEIVE NOT RERDY 

FE06 

B6 

FCF5 


LDR R 

RCIRDR 

INPUT CHRRRCTER 

FE09 

84 

7F 


RND R 

«$7F 

RESET PRRITY BIT 

FEOB 

81 

7F 


CMP R 

tt$7F 


FEOD 

27 

FI 


BEQ 

INCH 

RUBDUT; IGNORE 

FEOF 

7E 

FERE 


JMP 

DUTCH 

ECHO CHRR 




♦ INPUT HEX CHRR 


FE12 

8D 

EC 

INHEX 

BSR 

INCH 


FE14 

81 

30 


CMP R 

«$30 


FE16 

2B 

52 


BMI 

Cl 

NOT HEX 

FE18 

81 

39 


CMP R 

«$§9 


FElfl 

2F 

OR 


BLE 

INIHG 


FEIC 

81 

41 


CMP R 

«$41 


FEIE 

2B 

4R 


BMI 

Cl 

NOT HEX 

FE20 

81 

46 


CMP R 

»$46 


FE22 

2E 

46 


BGT 

Cl 

NOT HEX 

FE24 

80 

07 


SUB R 



FE26 

39 


INIHG 

RTS 



FE27 

86 

D1 

LORD 

LDR R 

«SD1 

TURN RERDER ON 

FE29 

B7 

FCF4 


STR R 

RCIRCS 


FE2C 

86 

11 


LDR R 

«921 


FE2E 

8D 

7E 


BSR 

DUTCH 


FE30 

8Ii 

CE 

LORDS 

BSR 

INCH 


FE32 

81 

53 


CMP R 

ti'S 


FE34 

26 

FR 


BNE 

LORDS 

1ST CHRR NOT <S> 

FE36 

8D 

C8 


BSR 

INCH 

RERD CHRR 

FE38 

81 

39 


CMP R 

a "3 


FE3fl 

27 

25 


BEQ 

LDRD21 


FE3C 

81 

31 


CMP R 



FE3E 

26 

FO 


BNE 

LORDS 

2ND CHRR NOT 

FE40 

7F 

FF32 


CLR 

CKSM 

ZERO CHECKSUM 

FE43 

8D 

36 


BSR 

BYTE 

RERD BYTE 

FE45 

80 

02 


SUB R 

«2 


FE47 

E7 

FF33 


STR R 

BYTECT 

BYTE COUNT 




♦ BUILD RDDRESS 


FE4fi 

8D 

21 


BSR 

BRDDR 





♦ STORE DRTR 



FE4C 

8D 

2D 

LORD11 

BSR 

BYTE 


FE4E 

7fl 

FF33 


DEC 

BYTECT 
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MINIBUG REV. 4 PROGRAM LISTING (continued) 


00670 

FE51 

27 

05 


BEQ 


LORD 15 

ZERD 

BYTE CDUNT 

00680 

FE53 

fl7 

00 


STR 

R 

X 

STDRE 

DRTR 

00690 

FE55 

08 



INX 





00700 

FE56 

20 

F4 


BRR 


LDRDll 



00720 

FE58 

7C 

FF32 

LORD15 

INC 


CKSM 



00730 

FE5B 

27 

D3 


BEQ 


L0RD3 



00740 

FE5D 

86 

3F 

LORD19 

LDR 

R 

it"? 

PRINT 

QUESTIDN MRRK 

00750 

FE5F 

8D 

4D 


BSR 


DUTCH 



00760 

FE61 

86 

B1 

LDRD21 

LDR 

R 

«»SB1 

TURN 

RERDER DFF 

00770 

FE63 

B7 

FCF4 


STR 

R 

RCIRCS 



00780 

FE66 

86 

13 


LDR 

R 

is523 



00790 

FE68 

8D 

44 


BSR 


DUTCH 



00800 

FE6R 

7E 

FEDB 

Cl 

-IMP 


CDMTRL 




00820 

00830 

FE6D 

8D 

OC 

♦ BUILD RDDRESS 

BRDDR BSR BYTE 

RERD 2 FRRMES 

00840 

FE6F 

B7 

FF34 

STR R 

XHI 


00850 

FE72 

8D 

07 

BSR 

BYTE 


00860 

FE74 

B7 

FF35 

STR R 

XLDU 


00870 

FE77 

FE 

FF34 

LDX 

XHI 

<X) ADDRESS WE BUILT 

00880 

FE7R 

39 


RTS 




00900 




♦ INPUT BYTE 

CTWD FRAMES) 

00910 

FE7B 

8D 

95 

BYTE BSR 


INHEX 

GET HEX CHAR 

00920 

FE7D 

48 


RSL 

R 



00930 

FE7E 

48 


RSL 

R 



00940 

FE7F 

48 


RSL 

R 


. 

00950 

FE80 

48 


RSL 

R 



00960 

FE81 

16 


TRB 




00970 

FE82 

8D 

8E 

BSR 


INHEX 


00980 

FE84 

84 

OF 

RND 

R 

tfSOF 

MASK TD 4 BITS 

00990 

FE86 

IB 


RBR 




01000 

FE87 

16 


TAB 




01010 

FE88 

FE 

FF32 

ADD 

B 

CKSM 


01020 

FE8B 

F7 

FF32 

STR 

B 

CKSM 


01030 

FE8E 

39 


RTS 





01050 




♦ CHANGE MEMDRY <M RRRR 

1 DD NN) 

01060 

FE8F 

8D 

DC 

CHANGE BSR 


BRDDR 

BUILD RDDRESS 

01070 

FE91 

8D 

34 

BSR 


DUTS 

PRINT SPACE 

01080 

FE93 

8D 

30 

BSR 


DUT2HS 


01090 

FE95 

8D 

E4 

BSR 


BYTE 


01100 

FE97 

09 


DEX 




OHIO 

FE98 

R7 

00 

STR 

fl 

X 


01120 

FE9R 

R1 

00 

CMP 

R 

X 


01130 

FE9C 

26 

BF 

BNE 


LDRD19 

MEMDRY DID NDT CHANGE 

01140 

FE9E 

20 

3B 

BRR 


CDNTRL 



01160 

FERO 

44 

DUTHL LSR R 

DUT HEX LEFT BCD DIGIT 

01170 

FERl 

44 

LSR R 
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MINIBUG REV. 4 PROGRAM LISTING (continued) 


01180 

FERE 

44 



LSR R 



01190 

FEft3 

44 



LSR R 



01210 

FEfl4 

84 

OF 

□UTHR 

RND R 

isSF 

OUT HEX RIGHT BCD DIGIT 

01220 

FEfl6 

8B 

30 


RDD R 

«S30 


01230 

FEflS 

81 

39 


CMP R 

"$39 


01240 

FEAR 

23 

02 


BLS 

DUTCH 


01250 

FERC 

SB 

07 


RDD R 

«S7 


01270 




♦ OUTPUT ONE 

CHRR 


01280 

FERE 

37 


OUTCH 

PSH B 


SRVE B-REG 

01290 

FERF 

F6 

FCF4 

OUTCl 

LDR B 

RCIRCS 


01300 

FEB2 

57 



RSR B 



01310 

FEB3 

57 



flSR B 



01320 

FEB4 

24 

F9 


BCC 

OUTCl 

XMIT NOT RERDY 

01330 

FEB6 

B7 

FCF5 


STR R 

RCIRDR 

OUTPUT CHRRRCTER 

01340 

FEB9 

33 



PUL B 


RESTORE B-REG 

01350 

FEBR 

39 



RTS 



01370 

FEBB 

R8 

00 

0UT2H 

LDR R 

0»X 

OUTPUT 2 HEX CHRR 

01380 

FEBD 

8D 

El 


BSR 

DUTHL 

OUT LEFT HEX CHRR 

01390 

FEBF 

R6 

00 


LDR R 

0»X 


01400 

FECI 

8D 

El 


BSR 

DUTHR 

OUT RIGHT HEX CHRR 

01410 

FEC3 

08 



INK 



01420 

FEC4 

39 



RTS 




01450 

FEC5 

8D 

F4 

DUT2HS 

BSR 

DUT2H 

OUTPUT 

2 HEX CHRR + SPRCE 

01460 

FEC7 

86 

20 

OUTS 

LDR R 

«$20 

SPRCE 


01470 

FEC9 

20 

E3 


BRR 

DUTCH 

<BSR & 

RTS) 


01500 




♦ PRINT CONTENTS OF 

STRCK 

01510 

FECB 

30 


PRINT TSX 



01520 

FECC 

FF 

FF30 

STX 

SP 

SAVE STRCK POINTER 

01530 

FECF 

C6 

09 

LDR B 

«9 


01540 

FEDl 

8D 

F2 

PRINT2 BSR 

DUT2HS 

OUT 2 HEX SPRCE 

01550 

FED3 

5R 


DEC E 



01560 

FED4 

26 

FB 

BNE 

PRINT2 



01590 




♦ ENTER POWER 

ON SEQUENCE 

01600 


FED6 

START 

EQLI 

♦ 


01610 




♦ INZ 

RCIR 



01620 

FED6 

86 

B1 


LDR R 

»SB1 

SET SYSTEM PARAMETERS 

01630 

FEDS 

B7 

FCF4 


STR R 

RCIRCS 


01650 

FEDB 

8E 

FF28 

CDNTRL 

LDS 

«STRCK 

SET STRCK POINTER 

01660 

FEDE 

86 

OD 


LDR R 


CARRIAGE RETURN 
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MINIBUG REV. 4 PROGRAM LISTING (continued) 


01670 

FEEO 

8r 

CC 

BSR 


DUTCH 


01680 

FEE2 

86 

OR 

LDR 

R 

’'SR 

LINE FEED 

01690 

FEE4 

8D 

C8 

BSR 


DUTCH 


01710 

FEE6 

BD 

FEOO 

JSR 


INCH 

RERD CHRRflCTER 

01720 

FEE9 

16 


TRB 




01730 

FEER 

8D 

BB 

BSR 


DUTS 

PRINT SPRCE 

01740 

FEEC 

Cl 

4C 

CMP 

B 

ii'L 


01750 

FEEE 

26 

03 

BNE 


♦+5 


01760 

FEFO 

7E 

FE27 

JMP 


LDRD 


01770 

FEF3 

Cl 

4D 

CMP 

B 



01780 

FEF5 

27 

98 

BEQ 


CHRNGE 


01790 

FEF7 

Cl 

50 

CMP 

B 

ii'F 


01800 

FEF9 

27 

DO 

BEQ 


PRINT 

STRCK 

01810 

FEFB 

Cl 

47 

CMP 

B 

ii'6 


01820 

FEED 

26 

DC 

BME 


CDNTRL 


01830 

FEFF 

3B 


RTI 



60 


01860 

FFOO 



DRG 

SFFOO 


01870 

FFOO 

0028 


RMB 

40 


01880 

FF28 

0001 

STRCK 

RMB 

1 

STRCK PD INTER 

01890 



♦ REGISTERS 

FDR GD 


01900 

FF29 

0001 


RMB 

1 

CDNDITIDN CDDE 

01910 

FF2R 

0001 


RMB 

1 

B RCCUMULRTDR 

01920 

FF2B 

0001 


RMB 

1 

R 

01930 

FF2C 

0001 


RMB 

1 

K-HIGH 

01940 

FF2D 

0001 


RMB 

1 

X-LDW 

01950 

FF2E 

0001 


RMB 

1 

P-HI6H 

01960 

FF2F 

0001 


RMB 

1 

P-LDW 

01970 

FF30 

0001 

SP 

RMB 

1 

S-HIGH 

01980 

FF31 

0001 


RMB 

1 

S-LDW 

0199 0 



♦ END 

REGIS 

TERS FDR 

GD 

02000 

FF32 

0001 

CKSM 

RMB 

1 

CHECKSUM 

02010 

FF33 

0001 

BYTECT 

RMB 

1 

BYTE COUNT 

02020 

FF34 

0001 

XHI 

RMB 

1 

XREG HIGH 

02030 

FF35 

0 001 

XLDUl 

RMB 

1 

XREG LOW 

02070 




END 




SYMBOL TRELE 


RCIRCS 

FCF4 

RCIRDR 

FCF5 

INCH 

FEOO 

INHEX 

FE12 

INIHG 

FE26 

LORD 

FE27 

LORDS 

FE30 

LORD 11 

FE4C 

LDRD 15 

FE58 

LDRD 19 

FE5D 

L0RD21 

FE61 

Cl 

FE6R 

ERDDR 

FE6D 

BYTE 

FE7B 

CHRNGE 

FE8F 

□UTHL 

FERO 

OUTHR 

FER4 

DUTCH 

FERE 

DLITCI 

FERF 

DUT2H 

FEBB 

□UT2HS 

FEC5 

OUTS 

FEC7 

PRINT 

FECE 

PRINT2 

FEDl 

STRRT 

FED6 

CONTRL 

FEDE 

STRCK 

FF28 

SP 

FF30 

CKSM 

FF32 

BYTECT 

FF33 

XHI 

FF34 

XLDW 

FF35 








STOP 




Early Software 



6800 Software 


This section contains a small compilation of programs written for the 
SWTPC 6800 Computer System. At the time of this writing the programs are all 
diagnostics intended for checking the various computer system modules for 
proper operation. 

Also contained within this section are details for becoming a member of 
Motorola's M6800 User's Group. It is Suggested that all programs you write 
either for your own use or for submission to Motorola's program library have 
the first 20i6 memory locations (0000 thur 001F) unallocated for your program 
use. We would like to reserve these locations for upward compatibility on 
future floppy disk file systems. 


Software -i- 





umiaBe of tii 

nHIMaRIGBSSN 


Instruction Set 


ABA 

Add Accumulators 

ADC 

Add with Carry 

ADD 

Add 

AND 

Logical And 

ASL 

Arithmetic Shift Left 

ASR 

Arithmetic Shift Right 

BCC 

Branch if Carry Clear 

BCS 

Branch if Carry Set 

BEQ 

Branch if Equal to Zero 

BGE 

Branch if Greater or Equal Zero 

BGT 

Branch if Greater than Zero 

BHi 

Branch if Higher 

BIT 

Bit Test 

BLE 

Branch if Less or Equal 

BLS 

Branch if Lower or Same 

BIT 

Branch If Less than Zero 

BMI 

Branch If Minus 

BNE 

Branch If Not Equal to Zero . 

BPL 

Branch If Plus 

BRA 

Branch Always 

BSR 

Branch to Subroutine 

BVC 

Branch if OvertloW'Clear 

BVS 

Branch if Overflow Set 

CBA 

Compare Accumulators 

CLC 

Clear Carry 

CLI 

Clear Interrupt Mask 

CLR 

Clear 

CLV 

Clear Overflow 

CMP 

Compare 

COM 

Complement 

CPX 

Compare Index Register 

DAA 

Decimal Adjust 

DEC 

Decrement 

DES 

Decrement Stack Pointer 

DEX 

Decrement Index Register 

EOR 

Exclusive OR 

INC 

Increment 

INS 

Increment Stack Pointer 

Tnx 

Increment Index Register 

JMP 

Jump 

JSR 

Jump to Subroutine 

LDA 

Load Accumulator 

IDS 

Load Stack Pointer 

LDX 

Load Index Register 

LSR 

Logical Shift Right 

NEG 

Negate 

NOP 

No Operation 

ORA 

Inclusive OR Accumulator 

PSH 

Push Data 

PUL 

Pull Data 

ROL 

Rotate Left 

ROR 

Rotate Right 

RTI 

Return from Interrupt 

RTS 

Return-from Subroutine 

SBA 

Subtract Accumulators 

SBC 

Subtract with Carry 

SEC 

Set Carry 

SEI 

Set Interrupt Mask 

SEV 

Set Overflow 

STA 

Store Accumulator 

STS 

Store Stack Register 

STX 

Store Index Register 

SUB 

Subtract 

SWI 

Software Interrupt 

TAB 

Transfer Accumulators 

TAP 

Transfer Accumulators to 
Condition Code Reg. 

TBA 

Transfer Accumulators 

TPA 

Transfer Condition Code Reg. 
to Accumulator 

TST 

Test 

TSX 

Transfer Stack Pointer to 

Index Register 

TXS 

Transfer Index Register to 

Stack Pointer 

WAI 

Wait for Interrupt 


—; 

nstruction 

“1 

1 Execution 

Ti 

me 


(in microseconds assuming a 1 MHz clock) 

V 

c 

a 

® 5 

Ck. « *0 

O 

X 



OF 

TJ 

C 

n 

« 

H 

tj 

• 

« 

a 

9, 

o 

o 

< 

E 

JE 

Q 

B 

K 

lU 

0 

•a 

c 

a 

E 

a 

"S 

flC 

ABA 

• 

• 

• 

• 

• 

2 

• 

ADC x 

• 

2 

3 

4 

5 

• 

• 

ADD X 

• 

2 

3 

4 

5 

• 

• 

AND x 

• 

2 

3 

4 

5 

• 

• 

ASL 

2 

• 

• 

6 

7 

• 

• 

ASR 

2 

• 

• 

6 

7 

• 


BCC 

• 

• 

• 

• 


• 

4 

BCS 

• 

• 

• 

• 

• 

• 

4 

BEQ 

• 

• 

• 

• 

• 

• 

4 

BGE 

• 

• 

• 

• 

• 

• 

4 

BGT 

• 

• 

• 

• 


• 

4 

BHI 

• 

• 

• 

• 


• 

4 

BIT x 

• 

2 

3 

4 

5 

• 

• 

BLE 

• 

• 

• 

• 

• 

• 

4 

BLS 

• 

• 

• 

• 

• 

• 

4 

BLT 

• 

• 

• 

• 

• 

• 

4 

BMI 

• 

• 

• 

• 

• 


4 

BNE 

• 


• 

• 

• 

• 

4 

BPL 

• 


• 

• 

• 

• 

4 

BRA 

• 


• 

• 

• 

• 

4 

BSR 

• 

• 

• 

• 

• 

• 

8 

BVC 


• 

• 

• 

• 

• 

4 

BVS 

• 

• 

• 

• 

• 

• 

4 

CBA 

• 

• 

• 

• 

• 

2 

• 

CLC 

• 

• 

• 

• 

• 

2 


CLI 

• 

• 

• 

• 

• 

2 

• 

CLR 

2 

• 

• 

6 

7 

• 

• 

CLV 

• 

• 

• 

• 

• 

2 

• 

CMP X 

• 

2 

3 

4 

5 

• 

• 

COM 

2 


• 

6 

7 

• 

• 

CPX 

• 

3 

4 

5 

6 

• 

• 

DAA 

• 

• 

• 

• 

• 

2 

• 

DEC 

2 


• 

6 

7 

• 

• 

DES 

• 

• 

• 

• 

• 

4 

• 

DEX 

• 


• 

• 

• 

4 

• 

EOR X 

• 

2 

3 

4 

5 

• 

• 

INC . 

2 


• 

6 

7 

• 

• 

INS 

• 


• 

• 

• 

4 


INX 

• 


• 

• 

• 

4 


JMP 

• 


• 

3 

4 



JSR 

• 


• 

9 

8 

• 


LDA X 

• 

2 

3 

4 

5 

• 


LDS 

• 

3 

4 

5 

6 

• 


LDX 

• 

3 

4 

5 

6 

• 


LSR 

2 

• 

• 

6 

7 

• 


NEG 

2 

• 

• 

6 

7 

• 

• 

NOP 

• 

• 

• 

• 

• 

2 

• 

ORA X 

• 

2 

3 

4 

5 

• 

• 

PSH 

• 


• 

• 

• 

4 


PUL 

• 


• 

• 

• 

4 


ROL 

2 

• 

• 

6 

7 

• 


ROR 

2 

• 

• 

6 

7 

• 

• 

RTI 

• 

• 

• 

• 


10 

• 

RTS 

•' 

• 

• 

• 

• 

5 

• 

SBA 

• 

• 

• 

• 

• 

2 


SBC X 

• 

2 

3 

4 

5 

• 


SEC- 

• 



• 

• 

2 

• 

SEI 

• 


• 

• 

• 

2 

• 

SEV 

• 


• 

• 

• 

2 

• 

STA X 

• 


4 

5 

6 

• 

• 

STS 



5 

6 

7 

• 


STX 

• 


5 

6 

7 

• 

• 

SUB X 

• 

2 

3 

4 

5 

• 

• 

SWI 

• 


• 

• 

• 

12 

• 

TAB . 

• 

• 

• 

• 

• 

2 


TAP 

• 

• 

• 

• 

• 

2 

• 

TBA 

• 

• 

• 

• 

• 

2 

• 

TPA 

• 

• 

• 

• 

• 

2 

• 

TST 

2 

• 

• 

6 

7 

• 

• 

TSX 

t 



• 

• 

4 

• 

TXS 

• 



• 

• 

4 


WAI 




• 

-1 


9 




Instruction 
Address!ng 
Modes 


ACCX (accumulator only) Addressing 

In accumulator only addressing, either accumula¬ 
tor A or accumulator B is specified. These are one-byte 
instructions. 

Immediate Addressing 

In immediate addressing, the operand is contained 
in the second byte of the instruction. No further 
addressing of memory is required. The MPU addresses 
this location when it fetches the immediate instruction 
for execution. These are two/three-byte instructions. 
Direct Addressing 

In direct addressing, the address of the operand is 
contained in the second byte of the instruction. Direct 
addressing allows the user to directly address the low¬ 
est 256 bytes in the machine; i.e., locations zero through 
255. That part of the memory should be used for . 
temporary dala storage and intermediate results. In 
moj^t configurations, it*should be a random access 
memory. These are two-byte instructions. 

Extended Addressing 

In extended addressing, the value contained in the 
second byte of the instruction is used as the, higher 
eight-bits of the address of the operand. The third byte 
of the instruction is used as the lower eight-bits of the 
address of the operand. This gives qne a 16-bit address 
for the operand. This is ah absolute address in memory. 
These are three-byte instructions. 

Indexed Addressing 

In indexed addressing, the value contained in the 
second byte of the instruction is added to the index 
register lower eight-bits in the MPU. The carry is then 
added to the higher order eight-bits of the index regis¬ 
ter. This result is then used to address memory. The 
modified address is held in a temporary address regis¬ 
ter so there is no change to the index register. These 
are two-byte instructions. 

Implied Addressing 

In the implied addressing mode the instruction gives 
the address (i.e., stack pointer, index register, etc.). 
These are one-byte instructions. 

Relative Addressing 

In relative addressing, the value contained in the 
second byte of the insiniction is added to the program 
counters lowest eight-bits plus two. The carry or bor¬ 
row is then added to the high eight-bits. This allows 
the user to address data within a range of —125 to 
-f 129 bytes of the present instruction. These are two- 
b\te instructions. 


ffrtf 
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Machine Language to Assembly Language Conversion Table 



Hex 

Code 

Mnemonic 
..Code - 

Mnemonic 

Description 

Mode 

Number ' 

of Bytes 

■ 

* 




H 

NOP 

No operation 

Inherent 

1 

n 






♦ 




04 

* 




05 





06 

TAP 

Transfer from accumulator 

Inherent 

1 



A to process code register 



07 

TPA 

Transfer from process code 

Inherent 

1 



re^ster to accumulator A 



08 

INX 

Increment index register 

Inherent 

1 

09 

DEX 

Decrement index register 

Inherent 

1 

OA 

CLV . 

Clear 2*s complement 

Inherent 

1 



overfloy/ bit 



OB 

SEV 

Set 2 * s ^complement 

Inherent 

1 


j 

ovei^flow bit 



OC 

CLC. 

Clear carry 

Inherent 

1 

OD 

SEC . 

Set carry 

Inherent 

1 

OE 

CLI 

Clear interrupt mask 

Inherent 

1 

OF 

SEI 

Set interrupt mask 

Inherent 

1 

10 

SBA 

Subtract accumulator 

Inherent 

1 

11 

CBA 

Compare accumulator 

Inherent 

1 

12 

* 




13 

* 




14 

* 




15 

* 




16 

TAB 

Transfer from A to B 

Inherent 

1 

17 

TBA 

T ransfer from B to A 

Inherent 

1 

18 

♦ 




19 

DAA 

Decimal Adjust (A) 

Inherent 

1 

lA 

♦ 




IB 

ABA 

Add B to A 

Inherent 

1 

1C 

♦ 




ID 

* 




IE 

* 

• 



IF 

♦ 




20 

BRA 

Branch always 

Relative 

2 

21 

* 




22 

BHI 

Branch if higher • 

Relative 

2 

23 

BLS 

Branch if lower or same 

• 

•Relative 

2 

____ 














Machine Languj^e to Assembly Language Conversion Table (continued) 

. n '.’nK. 1 V jtj fTf ? A (>] ; ‘JH 


Hex 

Code 

Mnemonic 

Code 

Mnemonic ^ . 

Description 

- Mode 

■ ■ f - A ; ^ • t 

Number 
of bytes i 

jf: • •» * - 

24, 


V. 

Branch ^xarr*y.«cd«ar 

‘-Relative*' " 

■ 2- 

25 

BCS 

Branch If carry set 

Relative 

2 

26 

BNE 

Branch If not equal , i ^ g 

, Relati'(le 

2 v;: 

27 

BEQ 

Branch if equal 

Relative 

2 

28 

BVC 

Branch if overflow clear 

Relati\re 

Relative 

2 

29 

BVS 

Branch if overflow set 

2 

2A 

BPL 

Branch if plus 

Relative 

2 

2B 

BMI 

Branch if minus 

Relative 

2 

2C 

BGE 

Branch if greater than 

Relative 

2 

2D 

BLT^ 

zero oriequalto ^ ^ 

Branch if less than z'^rb' 

,,,Relative 

2 

t 

2E 

BGT 

Branch if greater than zero 

Relative 

2 \ 

2F 

BLE 

Brarich if less than zefo ‘ . 

Relative 

2 

30 

TSX 

... . ' 'P. ‘ X‘-3'> 'i' 

or equal to 

Transfer from stack pointer . ^ 

Inherent 

1 

31 

INS 

to index|register . 

Increment stack pointer ’ , , 

Inhereiit 

■ ao ; 

1 

32 

PUL(A) 

Pull data from stack 

■: A- • » - 

1 

33 

PUL(B) 

Pull data from stack 


-a. 

34 

DES 

Decrement stack pointer 

Inhereiit 

1 

35 

TXS 

Transfer from index register 

, Inherent 

1 

36 

PSH(A) 

to stacktpointer ^ •. 

Push data on stack 

« 

1 

37 

PSH(B) 

Push dajta on stack 


1 

38 

39 

♦ 

RTS 

Return from subroutine 

Inherent 

1 

3A 

3B 

* 

RTI 

Return from interrupt 

Inherent 

1 

3C 

3D 

3E 

♦ 

♦ 

WAI 

Wait for interrupt 

Inherent 

1 

3F 

SWI 

Software interrupt 

Inherent 

1 

40 

NEG(A) 

Negate 


1 

41 

42 

43 

♦ 

* 

COM(A) 

Complement 


1 

44 

LSR(A) 

Logical shift right 


1 

45 

46 

♦ 

ROR(A) 

Rotate right 


1 

47 

ASR(A) 

Arithmetic right shift 


1 

48 

ASL(A) 

Arithmetic shift left 


1 










Machine Language to Assembly Language Conversion Table (continued) -5 


Hex 

Code 


49 
4A 
4B 
4C 
4D 
4E 
4F 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 
5 A 
5B 
5C 
5D 
5E 
5F 

60 
61 
62 

63 

64 

65 

66 

67 

68 

69 
6A 
6B 
6C 
6D 
6E 
6F 

70 

71 

72 

73 

74 


Mnemonic 

Code 

Mnemonic 

Description 


Rotate left 

MB 

Decrement 

INC (A) - 

Increment 

TST(A) 

* 

Test 

CLR(A) 

Clear 

NEG(B) 

* 

Negate 

* 

COM(B) 

Complement 

LSR(B) 

* 

Logical shift right 

ROR(B^ 

Rotate right 

ASR(B) 

Arithmetic i^ift right 

ASL(B) 

Arithmetic shift left 

ROL(B) 

Rotate left 

DEC(B) 

Decrement 

INC(B) 

Increment 

TST(B) 

* 

Test 

CLR(B) 

Clear 

NEC 

♦ 

Negate 

♦ 

COM 

Complement 

LSR 

♦ 

Logical shift right 

ROR 

Rotate Right 

ASR 

Arithmetic shift right 

ASL 

Arithmetic shift left 

ROL 

Rotate left 

DEC 

♦ 

Decrement 

INC 

Increment 

TST 

Test 

JMP 

Jump 

CLR 

Clear 

NEC 

Negate 


♦ 


Mode 


Indexed 


Indexed 

Indexed 

Indexed 

Indexed 

Indexed 

Indexed 

Indexed 

Indexed 

Indexed 

Indexed 

Indexed 

Extended 



COM 

LSR 


Complement 
Logical shift right 


Extended 

Extended 


3 

3 








Machine Language to Assembly Langus^e Conversion Table (continued) -6- 


Hex 

Code 

Mnemonic 

Code 

Mnemonic 

Description 

Mode 

Number 
of Bytes 

75 

★ 


- . . . • • 


76 

ROR 

Rotate right 

Extended 

3 

77 

ASR 

Arithmetic right shift 

Extended 

3 

78 

ASL 

Arithmetic left shift 

Extended 

3 

79 

ROL 

Rotate left 

Extended 

3 

7A 

DEC 

Decrement 

Extended 

3 

7B 

* 




7C 

INC 

Increment 

Extended 

3 

7D 

TST 

Test 

Extended 

3 

7E 

JMP 

Jump 

Extended 

3 

7F 

CLR 

Clear 

Extended 

3 

80 

SUB(A) 

Subtract 

Immediate 

2 

81 

CMP(A) 

Compare 

Immediate 

2 

82 

SBC (A) 

Subtract with carry 

Immediate 

2 

83 

♦ 




84 

AND(A) 

Logical AND 

Immediate 

2 

85 

BIT (A) 

Bit test 

Immediate 

2 

86 

LDA(A) 

Load accumulator 

Immedia.te 

2 

87 




1 . •: 

88 

EOR(A) 

Exclusive OR 

Immediate 

2 

89 

ADC (A) 

Add with carry 

Immediate 

2 

8A 

ORA(A) 

Inclusive OR 

Immediate 

2 

8B 

ADD(A) 

Add without carry 

Immediate 

2 

8C 

CPX 

Compare index register 

Immediate 

3 

8D 

BSR 

Branch if subroutine 

Relative 

2 

8E 

LDS 

Load stack pointer 

Immediate 

3 

8F 

* 




90 

SUB (A) 

Subtract 

Direct 

2 

91 

CMP (A) 

Compare 

Direct 

2 

92 

SBC (A) 

Subtract with carry 

Direct 

2 

93 

* 




94 

AND(A) 

Logical AND 

Direct 

2 

95 

BIT (A) 

Bit test 

Direct 

2 

96 

LDA(A) 

Load accumulator 

Direct 

2 

97 

STA(A) 

Store accumulator 

Direct 

2 

98 

EOR(A) 

Exclusive OR 

Direct 

2 

99 

ADC (A) 

Add with carry 

Direct 

2 

9A 

ORA (A) 

Inclusive OR 

Direct 

2 

9B 

ADD(A) 

Add without carry 

Direct 

2 

9C 

CPX 

Compare index register 

Direct 

2 

9D 

* 




9E 

LDS 

Load stack pointer 

Direct 

2 









Machine 
banflfifloa) eicfnT noi 


ine Language to Assembly Language Conversion Table (continued) -7- 
noxaiavnoO egBiignsJ oJ egnugna J eniriosM 



Descrig0gj}, 



Sb(A) 

CMP (A 
^C(A) 

^D(A 
mT{A) 
IpA(A) 
ST A (A) 
EipR(A) 

a5dc(a) 

CmA(A) 
^D(A) 
C^X 

j|r 

SUB (A) 
CMP(A) 
S|C(A) 

s* 

a|^d(a) 
mT(A) 
LpA(A) 
sfA(A) 
EpR(A) 
A|)C(A) j 
ORA(A) I 
a|)P(A) 

j|r 

LpS(A) I 
S'|S(A) 1 

SUM(B) 

CMP(B) 

S^C(B) 

S* I 

a^d(b: 

B|T(B) 

LgA(B: 

* 

a^(b; 



oinomenM 


Subtract 
Compare 
S 


Logic|^^ 

Load ^ggjjji^ato 
Store accumulato 
Exclu^y^e^]^ 

Add 

Inclus^^g^^ 

Add w^y^ljcar 
Comp^^lTjLJ^ex r 
Jump l^^^outi 
Load ^t^^^oint 
Store jJ^q^oint 
Subtract 
Compare ^ ‘ 
Subrax^^J^ carr 

iosiiQ 
Logiq^j^j^ 

t^xebnl 
Loadg^s^plato 

Store accumulato 

Add ^k^i’y 

Inclu^^gQ^ 

Add arry 

Compg^^gjjitJex re 
Jump^gj^g^outin 
Load g|0^^inte 
Store i^^gi^f^ointe 
Subtract 
Compare 

Subtr^^yi c arr 
bsxebnl 

Loa(t|j5/j^alator 
Add sdjyfe^jarig'y 



IBD bbx\ 

Indexed 

Indexed 

f39*Jntefidb£oJ 

Indej^jdoB 
^adfp^fnoO 
JO ffe^i^idua 
Indexed 

Indej^i lia 
iBiM^bBOd 
Blnte^§5S<^ioi8 
jftv^?5^1oxa[ 
bbA 

^^^nlonl 

bbA 

Extended 

^rtended 

§91 xofafli 9ioi8 

Extei^^du8 
Ext^^jnoO 
JO fB?fee«#^du8 
Extended 

Extenf^ Jxa 

^<2?t#^f^ox3 

liiE$€Sx4^1onI 
le^^I^eR^bbA 
Immediate 
Immediate 
x§^¥^B^ta&eoJ 
{§91 xobni 9 ioi 8 
Immg4i^«I«8 
Imm^^teoD 
80 teW^^ftfo 8 

Immedfe^feeiia 


a)aa^ 

♦ 2 
^ 2 

xa?i 

★ 

(a)aife 

a)qi/fe 

ra)o^ 

*2 

[a)ai^ 
(a)Tfe 
a)Acfo 
(a)A'f8 
a)HCfe 
a)D(^A. 
a)A5ft) 
a)acfti 
*3 
♦ 3 

xcfii 

XT8 

(a) 303 
a)qii5D 
(a)Dta 

♦3 

(a)ai§A 

(3)113 

(a)AdJ 

(a)ATa 

(a)H(3a 

(a)03A 

(a)A35o 

(a)aaA 

x<aj 

xTa 

(a)a2j2 

a)q!0[D 

(a)c®[8 

(a)cmA 

(a)T5a 

















Or 




. - . .. ! :r".«;s/!.';J , kii. - '.yu'. 2r 

Machine Language to Assembly Langus^e Conversion Table (continued) -8 






Hex 

Sfnemonic 

Mnemonic 

Mode 

Number 

Code 

C0(l6 

Description 


of bytes 

CB 

ADD(B) 

Add without carry 

Immediate 

2 

CC 

♦ 




CD 

♦ 




CE 

LDX 

Load index register 

Immediate 

3 

CF 

★ 




DO 

SUB(B)i 

Subtract ; 

Direct 

2 

D1 

CMP(B) 

Compare; 

Direct 

2 

D2 

SBC(B) 

Subtract with carry 

‘’Direct 

2 

D3 

♦ 




D4 

AND(B) 

Logical AND 

Direct 

2 

D5 

BIT(B) 

Bit test 

' Direct 

2 

■D6 

LDA(B) 

Load accumulator 

Direct 

2 

D7 

STA(B) 

Store accumulator 

-Direct 

2 

D8 

EOR(B) 

Exclusive OR ^ S 

Direct 

2 

^D9 

ADC(B) 

Add with carry ’ 

' Direct 

2 

DA 

ClRA(B) 

Inclusive OR 

Direct 

2 

DB 

ADD(B) 

Add mthoit carxy 

Direct 

2 

^DC 

^ ♦ 

^ ^ r'^ . 



^DD 

♦ 




DE 

LDX 

Load index i*egibter 

■ Direct 

2 

‘DF 

STX 

Store index register 

Direct f 

2 

EO 

SUB(B) 

Subtract 

Indexed 

2 

El 

CMP(B) 

Compare 

Indexed 

2 

E2 

SBC(B) 

Subtract with carry 

Indexed 

2 

E3 

♦ 




E4 

AND(B) 

Logical AND 

Indexed 

2 

E5 

BIT(B) 

Bit test 

Indexed 

2 

E6 

LDA(B) 

Load accumulator 

Indexed 

2 

E7 

STA(B) 

Store accumulator 

Indexed 

2 

E8 

EOR(B) 

Exclusive OR 

Indexed 

2 

E9 

ADC(B) 

Add with carry 

Indexed 

2 

EA 

ORA(B) 

Inclusive OR 

Indexed 

2 

EB 

ADD(B) 

Add without carry 

Indexed 

2 

EC 

♦ 




ED 

♦ 




EE 

LDX 

Load index register 

Indexed 

2 

EF 

STX 

Store index register 

Indexed 

2 

FO 

SUB(B) 

Subtract 

Extended 

3 

FI 

CMP(B) 

Compare 

Extended 

3 

F2 

SBC(B) 

Subtract with carry 

Extended 

3 

F3 

♦ 




F4 

AND(B) 

Logical AND 

Extended 

3 

F5 

Brr(B) 

Bit test 

Extended 

3 
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Machine Language-to Assembly Language Convefisioh^*rabre f continued) 


Hex 

Code 


F6 

F7 

F8 

F9 

FA 

FB 

FC 

FD 

FE 

FF 


Mnemonic 

Code 

Mnemonic 

Description 

Mode 

Niimlier’ 
of Bytes 


Load accumulator 

Extended 

3 


Store accumulator 

Extended 

3 


Exclusive 

Extended 

3 

ADC(B) 

Add with carry 

Extended 

3 

ORA(B) 

Inclusive OR 

Extended 

3 

ADD(B) 

♦ r 

Add without carry 

Extended 

3 ^ 

♦ 

LDX 

Load index register 

'1 / > ’ ? 

Extended ■ 

3 

STX 

Store index register 

Extended 

3 











- 6 - 

• Asjiggibly^La^u^e .tQ,J^ac|ii,ne Lai^^u^e Conyer-sion Table-' -lo- 


lnnnnM^g 

Hex 

Mnemonic 

Mode 

Number ' 

Code 

Cofle 1 

Description r 

4 

of Bytes 

ADA 

p ' 

IB ^ 

Add A to B 

Inherent 

1 

ADC(A) 

. 89 

Add with.carry 

Immediate 

2 

ADC(Al 

99 

Add with carry 

. , Direct 

2 

ADC(A) 

A9 

. Add with carry 

Indexed 

2 

ADC (A) 

B9 

Add ydth carry j 

Extended 

3 

ADC(B) 

C9 

Add wifh carry 

Immediate 

2 

ADC(B) 

D9 1 

Add with carry 

Direct 

2 

ADC(B) 

E9 i 

Add with carry 

Indexed 

2 

ADC(B) 

F9 f 

Add wijy^ carry 

Extended 

3 

ADD(A) 

8B 

Add without carry 

Immediate 

2 

ADD(Al 

9B— 

Add without carry 

Direct 

2 

ADD(A) 

AB 

Add without carry 

Indexed 

2 

ADD(A> 

BB 

Add without carry 

Extended 

3 

ADD(B) 

CB 

Add without carry 

Immediate 

2 

ADD(B) 

DB 

Add without carry 

Direct 

2 

ADD(B) 

EB 

Add without carry 

Indexed 

2 

ADD(B^ 

FB 

Add without carry 

Extended 

3 

AND(A) 

84 

Logical AND 

Immediate 

2 

AND(A^ 

94 

Logical AND 

Direct 

2 

AND(A) 

A4 

Logical AND 

Indexed 

2 

AND(A) 

B4 

Logical AND 

Extended 

3 

AND(B^ 

C4 

Logical AND 

Immediate 

2 

AND(B) 

D4 

Logical AND 

Direct 

2 

AND(B) 

E4 

^Logical AND 

Indexed 

2 

AND(B^ 

F4 

Logical AND 

Extended 

3 

ASL(A) 

48 

Arithmetic shift left 


1 

ASL(B) 

58 

Arithmetic shift left 


1 

ASL 

68 

Arithmetic shift left 

Indexed 

2 

ASL 

78 

Arithmetic ^ift left 

Extenc 


ASR(A^ 

47 

Arithmetic shift right 


1 

ASR(B) 

57 

Arithmetic shift right 


1 

ASR 

67 

Arithmetic shift right 

Indexed 

2 

ASR 

77 

Arithmetic shift right 

Extended 

3 

BCC 

24 

Branch if carry clear 

Relative 

2 

BCS 

25 

Branch if carry set 

Relative 

2 

BEQ 

27 

Branch if equal 

Relative 

2 

BGE 

2C 

Branch if greater than or 
equal to zero 

Relative 

2 

BGT 

2E 

Branch if greater than zero 

Relative 

2 

BHI 

22 

Branch if higher 

Relative 

2 

BIT (A) 

85 

Bit test 

Immediate 

2 

BIT(A^ 

95 

Bit test 

Direct 

2 

BIT(A^ 

A5 

Bit test 

Indexed 

2 

BIT(A^ 

B5 

Bit test 

Extended 

3 
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"lO.:- 


% \ 

i^ssembl^ Lang^i^e to^Machine La^i^e Conversi^^^jablj| (continued) 





,Mode 

V • 

Nuinber -r. 

^ of Bj^es 

Mnemonic 
Code ■ 

?Hex 

{Code 

Mnemonic 

Description 

BiT(B) 



^Immediate 

2 

BIT(B) 

b5 , 

Ml test 

Direct 

2 

BIT(B) ' 

E5 " 

Bit test ^ 

indexed 

2 

BIT(B) 

P’5 

Bit test ' , n 

Extended 

3 

BLE 

2F 

, Branch if less than or eqi^ 

Relative 

2 



to zero H o 



BLS ^ 

h 

Branch if lower or same 

Bela^ive 

2 

BLT - 

'2D 

; Br^ch if less than zero - ^ 

.](lelative 

2 

BMI S 


''M^^ch if minus 

. Relative 

2 

BNE ' 

26 ’ 

‘^MUnch if not equal 

Relative 

2 

BPL 

2A 

Mhnch if plus 

Relative 

2 

BRA S 

if 

20 

Branch Galways 

Relative 

2 

BSR 

8D 

Branch to subroutine 4^ 

Relative 

2 

BVC ‘ 

28 

Branch if overflow clear 

Belative 

2 

BVS 

29 

Branch If overflow set 

Relative 

2 

CBA - 

ii 

ii^dttparp accumulators 

, Inherent 

1 

CLC ' 

OC 

Ciekr carry 

Inherent 

1 

CLI 

OE 

"'^lear interupt mask 

Inherent 

1 

CLR(A)' 

If 

i^flqar 

• i t J 

1 

CLR(B) 

5F 

Cledr 

* * 

1 

CLR 

6F 

Clear' 

Indexed 

2 

CLR 

7F 

^leat . ^ - 

Extended 

3 

CLV 

QA 

'CTeif 2’.s complement 

Inherent 

1 



oVertlowbit 



CMP(A) 

81 

Compare 

Immediate 

2 

CMP(A) 

91 

Compare 

Direct 

2 

CMP(A) 

A1 

Compare 

Indexed 

2 

CMP (A; 

B1 

Conipare 

Extended 

3 

CMP(B) 

Cl 

Compare 

Immediate 

2 

CMP(B) 

D1 

Compare 

Direct ’ 

2 

CMP(B) 

El 

Compare 

Indexed 

2 

CMP(B) 

FI 

Compare 

Exte nded 

3 

COM(A) 

43 

Complement 


1 

COM(B) 

53 

Complement 


1 

COM 

63 

Complement 

Indexed 

2 

COM 

73 

Complement 

Extended 

3 

CPX 

8C 

Compare index register 

Immediate 

3 

CPX 

9C 

Compare index register 

Direct 

2 

CPX 

AC 

Compare index register 

Indexed 

2 

CPX 

BC 

Compare index register 

Extended 

3 

DAA 

19 

Decimal adjust 

Inherent 

1 

DEC (A) 

4A 

Decrement 


1 

.DEC(B) 

5 A 

Decrement 


1 









(beijnilnoc') s 


likr^Uage to R^chlnfe Lar^guagll^onversion Tabfe (continued) 






Mnemonic' 
i Codfe'^ 


t DEC - 
\ DEC 
\ DES 
■ DEX 
EOR(A) 

‘ EOR(A) 
f E0R(A)2 
• EOR(A)- 
: EOR(B)- 
' EOR(B)S 
EOR(B) 
EOR(B)- 
INC(A) 2 
INC(B) S 
INC 
iiNC 

^INS J 

"NX 

^JMP 

Ijmp 

JSR 

JSR 

LDA(A) 

sLDACA) 

LDA(A) 

LDA(A) 

LDA(B) 

LDA(B) 

LDA(B) 

LDA(B) 

LDS 

LDS 

LDS 

LDS 

LDX 

LDX 

LDX 

LDX 

LSR(A) 

LSR(B) 



Mnemonic 

Description 


Decrement 

Decrement 

Decrement stack pointer 
' Decrement index reg. 
Exclusive'OR 
Exclusive OR 
^ OR 

'^ctustve OR " 
Ijxcl^sltre OR 
Exclusive OR 
Exclusive OR 
Eij^lusil^e OR 
'tifcremlnt , 

tifcr 4n:^nt 

’tiicfem|nt " 

‘ incr^einent 

Ihcrement stack pointer 
Incr'i^indnt index register 
Jump ■ 

Jump 

Jump to subroutine 
Jump to subroutine 
Load accumulator 
Load accumulator 
Load accumulator 
Load accumulator 
Load accumulator 
Load accumulator 
Load accumulator 
Load accumulator 
Load stack pointer 
Load stack pointer 
Load stack pointer 
Load stack pointer 
Load index register 
Load index register 
Load index register 
Load index register 
Logical shift right 
Logical shift right 


.T- - >>■ ‘ -V ' 

Mode ^ 

Number 
of Bytes . 

V 

4 it; r 

k . A 

, Jndepced 


Extended 

3 

j Iphprent , 

.1(F 

Inherent 

< 1 

Immediate 

■2 

Direct ^ ^ 

h 

Indexed ^ ^ 

■ 2 1 ■■ 

Extended 

3 

Immediate 

' 2 V f' 

Direct 

2 

Indexed 

2 

Extended 

|3 H^'.a 


|l 


1 

*^Indexed 

?2 

Extended 

'3 

Inherent 



OK 

Inherent - 

1 

Indexed 

• 2 

Extended ! 

'3 

Indexed 

2 

Extended ^ 

5 

Immediate 

i2 

Direct * 

2 

Indexed 

2 . 

Extended 

3 

Immediate 

2 

Direct 

2 

Indexed 

2 

Extended 

3 

Immediate 

3 

Direct 

2 

Indexed 

2 

Extended 

3 

Immediate 

3 

Direct 

2 

Indexed 

2 

Extended 

3 

1 


1 
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Assf^ly Language to Machine Lai^uage Conversion.Table (continued) 


Mnemonic 

Code 

Hex 

Code 

Mnemonic 

Description 

Mode 

Number 
of Bytes 

LSR 

64 

Logical shift right 

Indexed 

2 

LSR 

74 

Logical shift right 

Extended 

3 

NEG(A) 

40 

Negate 


1 

NEG(B) 

50 

Negate 


1 

NEG 

60 

Negate 

Indexed 

2 

NEG 

70 

Negate 

Extended 

3 

NOP 

01 

No operation 

Inherent 

1 

ORA (A) 

8A 

Inclusive OR 

Immediate 

2 

ORA (A) 

9A 

Inclusive OR 

Direct 

2 

ORA (A) 

AA 

Inclusive OR 

Indexed 

2 

ORA (A) 

BA 

Inclusive OR 

Extended 

3 

ORA(B) 

CA 

Inclusive. OR 

Immediate 

2 

ORA(B) 

DA 

Inclusive OR 

Direct 

2 

ORA(B) 

EA 

, Inclusive OR 

Indexed 

2 

ORA(B) 

FA 

Inclusive OR 

Extended 

3 

PSH(A) 

36 

Push data onto stack 


1 

PSH(B) 

37 

Push data onto stack 


1 

PUL(A) 

32 

Pull data from stack 


1 

PUL(B) 

33 

.Pull data from stack 


1 

ROL(A) 

49 

Rotate left 


1 

ROL(B) 

59 

Rotate left 


1 

ROL 

69 

Rotate left 

Indexed 

2 

ROL 

79 

Rotate left 

Extended 

3 

ROR(A) 

46 

Rotate right 


1 

ROR(B) 

56 

Rotate right 


1 

ROR 

66 

Rotate right 

Indexed 

2 

ROR 

76 

Rotate right 

Extended 

3 

RTI 

3B 

Return from Interrupt 

Inherent 

1 

RTS 

39 

Return from subroutine 

Inherent 

1 

SBA 

10 

Subtract accumulators 

Inherent 

1 

SBC (A) 

82 

Subtract with carry 

Immediate 

2 

SBC (A) 

92 

Subt ract with carry 

Direct 

2 

SBC (A) 

A2 

Subtract with carry 

Indexed 

0 

Ck 

SBC (A) 

B2 

Subtract with carry 

Extended 

3 

SBC(B) 

C2 

Subtract with carry 

Immediate 

2 

SBC(B) 

D2 

Subtract with carry 

Direct 

2 

SBC(B) 

E2 

Subtract with carry 

Indexed 

2 

SBC(B) 

F2 

Subtract with carry 

Extended 

3 

SEC 

OD 

Set carry 

Inherent 

1 

SEI 

OF 

Set Interrupt mask 

Inherent 

1 
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Assembly Language to Machine Language Conversion Table (continued) 


Mnemonic 

Hex 

Mnemonic 

Mode 

Number 

Code 

Code 

Description 


of Bytes 

SEV 

GB 

Set 2* s complement 

Inherent 

1 

STA(A) 

97 

overflow bit 

Store accumulator 

Direct 

2 

STA(A) 

A7 

Store accumulator 

Indexed 

2 

STA(A) 

B7 

Store accumulator 

Extended 

3 

STA(B) 

D7 

Store accumulator 

Direct 

2 

STA(B) 

B7 

Store accumulator 

Indexed 

2 

STA(B) 

F7 

Store accumulator 

Extended 

3 

STS 

9F 

Store stack pointer 

Direct 

2 

STS 

AF 

Store stack pointer 

Indexed 

2 

STS 

BF 

Store stack pointer 

Extended 

3 

STX 

DF 

Store index register 

Direct 

2 

STX 

EF 

Store index register 

Indexed 

2 

STX 

FF 

Store index register 

Extended 

3 

SUB(A) 

80 

Subtract 

Immediate 

2 

SUB(A) 

90 

Subtract 

Direct 

2 

SUB(A^ 

AO 

Subtract 

Indexed 

2 ■■■■■" 

SUB(A) 

BO 

Subtract 

Extended 

3 

SUB(B) 

CO 

Subtract 

Immediate 

2 

SUB(B) 

DO 

Subtract . 

Direct 

* 2 

SUB(B) 

EO 

Subtract 

Indexed 

2 

SUB(B^ 

FO 

Subtract 

Extended 

3 

SWI 

3F 

Software interrupt 

Inherent 

1 

TAB 

16 

Transfer from A to B 

Inherent 

1 

TAP 

06 

Transfer from A to 
condition code register 

Inherent 

1 

TBA 

17 

Transfer from B to A 

Inherent 

1 

TPA 

07 

Transfer from condition 
code register to A 

Inherent 

1 

TST(A) 

4D 

Test 


1 

TST(B) 

5D 

Test 


1 

TST 

6D 

Test 

Indexed 

2 

TST 

7D 

Test 

Extended 

3 

TSX 

30 

Transfer from stack 
pointer to index register 

Inherent 

1 

TXS 

35 

Transfer from index 
register to stack pointer 

Inherent 

1 

WAI 

3E 

Wait for interrupt 

Inherent 

1 












HINIBUG/ 
TEST PATTERN 
(NOT USED) 



’ I/O PORT 

#7 


I/O PORT 


I/O PORT 
5- #5 


;- - ■ I /d RORT 

14 


I/O PORT 
#3 


I/O PORT 

12 


I/O PORT 

#1 contrl. interface 


I/O PORT 
#0 


4K HEHORY 
#7 


4K MEMORY 

#6 


4k memory 
#5 


4k MEMORY 
#4 


4K MEMORY 
#3 


4K MEMORY 
#2 


4K MEMORY 
#1 


4K MEMORY 
#0 


All addresses are in hexadecinal 


SwTPC 6800 Memory Map 


Figure 1 


























Example: A =41 
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o 
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<0 
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n 
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m 

H 

X 

cn 

H 

X 

(/) 

O 

I 

1 NUL 

o 

US 

RS 
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“n 

(/) 

ESC 

SUB 

m 

S 

CAN 
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NAK 

DC4 
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II 

B 
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(D 

00 
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0) 
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CO 

o 

z 
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- 
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o 

o 
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n 

N 

B 
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€ 
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(/) 

7) 

D 

u 

Ol 

1 

3 

3 

B 

B 

B 

B 

B 

CO 


(p 

a 

o 

O’ 
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0> 
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- 

jQ 
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ASCII to Hexadeciiiiui Conversion Table 





























































SWTPC 6800 Rotating Bit RAM Memory p:^agnostic ROBIT-1^^ 


vd 08 ob 


1:;f a nil'. ii . ; ' ' ■ . . - . . 

- ^ . T. • * ^ -f..'. “fCj 

This rotating bit memory diagnostic is desigjned to check for and locate : 
memory retaining problems in the SWTPC 6800 Computer System memory boards > 
MP-M/MP-MX. The program itself uses 85wftrds and is meant to be loaded 
within the 128 word RAM used by the MIKBUG ® operating system on the MP-A 
Microprocessor/System board. This makes the program independent of the MP-M/ 
MP-MX RAM memory. The diagnostic may be loaded fjpm either tape or from the 
terminal instruction by instruction using MIKBUG®starting from address A014i5 
thru A07 Ai 5. The program must be loaded in two parts to avoid interfering 
with the sytstem*s push-down stack. The contiguous section of memory to be 
tested is set by loading the most significant byte of the lower memory address 
into A002jg, the least significant byte of the lower memory address into A003i5 
the most significant byte of the upper memory address into A 0042 g, and the 
least significant byte of th^ upper memory address into A005i5 using MIKBUG® 
just as is done for MIKBUG ©punch routine. The lower and upper addresses are 
inclusive and may be any addresses between 0000^5 and FFFFjg with the only 
requirement that the lower address be less than coequal to the upper address. 
Since addresses A07Bi5 thru A07Fjg of the MIKBUG®RAM are still available for 
program use, the diagnostic may be run on these locations just to make sure the 
diagnostic itself is functioning correctly. Since the program counter is set 
when the program is initially loaded, the routine is initated after loading 
according to the ”Go To User’s Program" section of the Engineering Note 100 
in the Operating System section of this notebook. Once initiated, the pro¬ 
gram may then be re-started after setting the program counter to A 018 i 5 at 
A048 and A049 as described, in the "Display Contents of MPU Registers Function" 
section of the Engineering Note 100. 


9 


The test sequence starts from the lower address and loads that*address 
with a binary 0000 000i or 01i6. The data in this location is then read and 
verified. If accurate the "one" bit is shifted left to form a binary 0000 
0010 or 02j^g and is then again tested. This shift left sequence continues 
until a binary 1000 0000 or 80^5 has been loaded and verified, at which time 
the entire sequence is repeated at the next sequential memory address. This 
sequence continues until the selected upper memory address is reached. The 
program then prints a "+" on the control terminal to indicate cycle comple¬ 
tion and proceeds to repeat itself. The program loops forever and may be 
exited when desired by depressing the "RESET" switch which loads the MIKBUG® 
control program. When an error is detected, the memory address followed by 
what data should have been followed by what the memory data was, are printed 
out on the control terminal in hexadecimal (base 16) form. Example: 


*0110 02 00 


When converted to binary this means that when address 0110, which is located 
in the first 1,024 words of RAM memory, was loaded with a binary 0000 0010 
it was read back as containing a binary 0000 0000 which indicates a possible 
problem in the 2^ bit memory chip in the lower 1,024 words of memory or a 
possible problem in the 2^ bit of the memory board data transceiver or a 
variety of other possibilities. The best way to tell for sure is to look for 
a pattern in the indicated errors. Take note that once one bit error has been 
located at a specific memory address, the one error is printed in the form sh¬ 
own above and the program increments to the next address without searching for 
more errors in the already defective address. 

If you wish to eliminate the cyclic printout of the **+" sign you can 
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i —'T'T 

do so by changing ' 


_ giil3f :ioy i'0‘' ■ OSITWB 

„ „ _ _ in ad<^ss locations A076, A077 and A078 to NOP 

instructions (01i6) using MIKBUG® . This way you only get a printout of the 
error locations; that is if there are any. The running time of this program 
is very fasti It will'cycle thru 2,048 words of memory in less than one 
second. 
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is a registered trademark of Motorola Inc. 
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SWTPC Rotating Bit Memory Diagnostic ROBIT-1 


A002 


LOTEMP 

Starting Address MSB 

A003 



Starting Address LSB 

A004 


HITEMP 

Ending Address MSB 

• A005 



Ending Address LSB 



Start Loading Program at A014 

A014 

00 

INXMSB 



A015 

00 

INXLSB 



A016 

00 

ACCA 



A017 

2B 

FLAG 



A018 

FE 

START 

LDX 

LOTEMP 

A019 

A0 




A01A 

02 




A01B 

86 

LODREG 

LDA A 

n 

A01C 

01 




A01D 

A7 


STA A 

0,X 

A01E 

00 



A01F 

A1 


CMP A 

0,X 

A020 

00 



A021 

26 


BNE 

ERRPNT i 

A022 

0D 




A023 

48 

LOOPl 

ASL A 


A024 

68 


ASL 

0,X 

A025 

00 



A026 

A1 


CMP A 

0,X 

A027 

00 



A028 

26 


BNE 

ERRPNT 

A029 

06 




A02A 

81 


CMP A 

m0 

A02B 

80 



A02C 

26 


BNE 

LOOPl 

A02D 

F5 




A02E 

20 


BRA 

INCRl 

A02F 

3B 




A030 

FF 

ERRPNT 

STX 

INXMSB 

A031 

A0 




A032 

14 




A033 

CE 


LDX 

#MCL 

A034 

El 




A035 

9D 




A036 

20 


BRA 

SKIPl 

A037 

12 






Continue Loading Program at A048 

A048 

A0 


Program Counter MSB 

A049 

18 


Program Counter LSB 

A04A 

B7 

SKIP 1 

STA A 

ACCA 
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A04B 

A0 



A04C 

16 

l- rlSOH D.f 3eo;!«Gx(I 


A04D 

BD 

JSR 

PMTAl 

A04E 

E0 


bA •'cri 

A04F 

7E 

'LbA J ^ 

A050 

CE 

. EDX ; 

rif- #INXMSB 

A051 

A0 

C’- ‘^5 

'ni..-;. 

A052 

14 



A053 

BD 

JSR 

' OUT4HS 

A054 

E0 



A055 

C8 



A056 

CE 

LDX 

#ACCA 

A057 

A0 



A058 

16 



A059 

BD 

JSRP' 

' ■.OUT2HS 

A05A 

E0 



A05B 

CA 



A05C 

FE 

LDX 

INXMSB 

A05D 

A0 



A05E 

14 



A05F 

BD 

JSR 

OUT2HS 

A060 

E0 


A ‘iiv J 

A061 

CA 



A062 

CE 

LDX 

#MCL ;; 

A063 

El 



A064 

9D 



A065 

BD 

JSR 

PDATAl i?:A 

A066 

E0 



A067 

7E 


/ , /, I'-.. 

A068 

FE 

LDX 

INXMSB 

A069 

A0 



A06A 

14 



A06B 

BC 

INCRl CPX 

•r HITEMP ' 

A06C 

A0 



A06D 

04 


'■■fv., 

A06E 

27 

BEQ 

FINISH 

A06F 

03 



A070 

08 

INX 


A071 

20 

BRA 

LODREG 

A072 

A8 



A073 

B6 

FINISH LDA A 

FLAG 

A074 

A0 



A075 

17 



A076 

BD 

JSR 

OUTEEE 

A077 

El 



A078 

D1 



A079 

20 

BRA 

START 

A07A 

9D 




END 
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SWTPC 6800 Short Memory .Conjnergejn^ce 


This Memory Convergence diagnostic is one designed, to check for and^%i&eate 
address convergence probleinS in the SWTPC 6800 Computer System memory boai^ds, 
MP-M/MP-MX. The program itself uses 56^ words and .;ts;.^B^ant to be loadedS^ith- 
in the 128 word RAM used by the MIKBUG.^Xoperating system on the MP-A Mifet'h^ 
processor/System board; making the program independent of the MP-M RAM mem¬ 
ory. The diagnostic may be loaded from either tape-^of from the terminal 
instruction by instruction using MIKBUG®starting from address A014i5 thru 
A034 i 6 and then from address A048j5 thru A05Ejg. Th^mu§t‘ be loadid 
in two parts to avoid interfering with the system’s ppi^h^Siown stadk. Thei^^’ 
section of memory to be tested is set by loading the most signif:&#ant byt^ Sof 
the lower memory address into A002j5, the least significant byte the ld\(#dr 
memory address into A003][5, the most significant byte of the uppeB memor^^-- A 
address into A004i5, ]^st significant byte of the unper Memory 

ress into A005]^g using MIKBUG® just as is done for MIKBUG ® punchv routine^. 

The lower and upper addresses are inclusive and may bea^y addresses betwekSf 
000016 and FFFF16 with the only requirement that the lower addresSSbe less 
than or eqi^ to the upper address. Since addresses A05Fi6 thru A07Fi6 
the MIKBUG ©RAM are still available for program use, the diagnostic may rui^“ 
on these locations just to make sure the diagnostic itself is functioning^-• 
correctly. Since the program counter is set when the program is initiall^-^A 
loaded, the routine is initiated after loading according to the "6d To Use§-s 
Program" section of the Engineering Note 100 in the Operating SysBdm sectioti^ 
of this notebook. Once initiated, the program .can be stopped onl^cby depie^-^ 
sing the "RESET" button. The program may then be re-started aftei^Sisetting^**^ 
the program counter to A015i6 A048 and A049 as described in the'iDisplay ' * A 

Contents of MPU Registers Function!* sectioa af: the Engiftieering Note 100. - A/4 

The test sequence starts by loading a continuous stream of 256t sequeriidial 
binary numbers from the low memory .address to the high memory address, in-S^- 
elusive. It then goes back and sequentially reads the data in each of the* 
locations and compares it to what actually should be there. If idA'finds afty-^' 
discrepancies within the memory cycle, one X is printedrand the cycle is - \ 
re-started, otherwise a # is printed to indicate successful cycle ^bmpletifem 
Since the actual location of any defected errors does not point to"?t3ie source^of 
the problem, no provision is made for indicating the addresses of detected^ -A 
errors. It must also be noted that the program is not 100% effective. It A 
would be possible to set bits in multiple locations that coincidentally would 
have been set anyway. However, each cycle puts different data in da^ch membry 
location, so the changes of a missed problem are reduced. The program loops-A 
forever and may 1:^ exited when desired by depressing the '*RESET** switch which'- 
loads the MIKBUG®control program. 

If you wish to eliminate the cyclic printout of the *'//" sign you can do 
so by changing the data in address locations A059, A05A and A05B tdiA'NOP in-^- 
structions (01i6) using MIKBUG®. This way you only get a printout of the - 
error cycles, if any. . - 


Mikbug® is a registered trademark of Motorola Inc. 
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SWTPC’ Short Memory Address Convergence Diagnostic MEMCON-1 


' A002 


LOMEM 

Starting Address MSB 

A003 



Starting Address LSB 

A004 


HIMEM 

Ending Address MSB 

A005 


• 

Ending Address LSB 



Start Loading 

Program at A014 

A014 

00 

BSTORE 



A015 

F7 

START 

STA B 

BSTORE 

A016 

A0 




A017 

14 




A018 . 

,FE 


LDX 

LOMEM 

A019 

A^ 

! 



A01A 

021 



A01B 

E7 

LOOPl 

STA B 

0,X 

A01C 

00 




A01D 

BC 


CPX 

HIMEM 

A01E 

A0 

, f. 



A01Fr 

04 

• C - 



A020 

if 


BEQ 

CHECK 

A021 

04 




A022 

08 


INX 


A023 

5C 


INC B 


A024 

20 


BRA 

LOOPl 

A025 

. F5 




A026 

F6 

CHECK 

LDA B 

BSTORE 

A027 

A^ 




A028 

14J 

1 



A029 

FE 


LDX 

LOMEM 

A02A 

A0 




A02B 

02 




A02C 

El 

L00P2 

CMP B 

0,X 

A02D 

00 




A02E 

26 


BNE 

ERROR 

A02F 

20 




A030 

BC 


CPX 

HIMEM 

A031 





A032 

04, 




A033 

20 " 


BRA 

JUMP 

A034 

15 






Continue 

Loading Program at A048 

A048 

A0i 




A049 

15 




A04A 

if 

JUMP 

BEQ 

CYCLE 

A04B 

0B 




A04C 

08 


INX 
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A04D s 

V ^5C 

ciblA Kfiij 



A0 4T 

”20 


———JLilO 

BRA 

L00P2 

A04F 

^ DC 




A050 

86 

ERROR 

LDA A 

rx 

A051 

58 




A052 

BD 


JSR 

OUTEEE - 

A053 

El 




A054 

D1 

: : ;:i 



A055 • 

20 

‘if ■ 

BRA 

START 

A056 ^ 

BE 




A057 

86 

CYCLE- • 

LDA A 


A058' 

23 




A059 

■ BD 


JSR 

OUTEEE 

A05A 

El 




A05B 

- D1 




A05C 

5 A 

r.. :• 

-DEC B 


A05D 

20 


BRA 

START 

A05E 

B6 





--•END 





r 
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Memory Address Assignment Table (Hex) 


Board # 

Memory Quadrant (K of memory) 

Starting Addr. 

Ending Addr4 

0 

1 

2 

3 

4 

0000 

0400 

0800 

0C00 

03FF 

07FF 

0BFF 

0FFF 


1 

1000 

13FF^ 

1 

2 

1400 

17FF 


3 

1800 

IBFF 


4 

, . ^ 1C00 ^ .. 

' IFFF 


1 

2000 

23FF 

2 

2 

2400 

27FF 


3 

2800 

2BFF 


4 

v.rr 2C00 

, 2FFF ^ 


1 

3000 

33FF 

3 

2 

3400 

37FF 


3 

3800 

3BFF 


4 

g^00 

3FFF 


1 

4000 

43FF 

4 

2 

4400 

47FF 


3 

4800 

4BFF 


4 

4C00 

4FFF 


1 

5000 

53FF 

5 

2 

5400 

57FF 


3 

5800 

5BFF 


4 

5C00 

5FFF 


1 

6000 

63FF 

6 

2 

6400 

67FF 


3 

6800 

6 BFF 


4 

6C00 

6 FFF 


1 

7000 

73FF 

7 

2 

7400 

77FF 


3 

7800 

7BFF 


4 

7C00 

7FFF 


MP-M/MP-MX Memory IC Assignment Map 


Bit 7 Bit 6 Bit 5 


Quadrant 

1 

(IK) 

IC15 

IC13 

ICll 

Quadrant 

2 

(2K) 

IC16 

IC14 

IC12 

Quadrant 

3 

(3K) 

IC40 

IC38 

IC36 

Quadrant 

4 

(4K) 

IC39 

IC37 

IC35 


Bit 4 

Bit 3 

Bit 2 

Bit 1 

Bit 0 

IC9 

IC7 

IC5 

IC3 

ICl 

ICIO 

IC8 

IC6 

IC4 

IC2 

IC34 

IC32 

IC30 

IC28 

IC26 

IC33 

IC31 

IC29 

IC27 

IC25 


00 hex = 0000 0000 binary 
01 hex = 0000 0001 binary 
02 hex = 0000 0010 binary 
04 hex = 0000 0100 binary 


08 hex = 0000 1000 binary 
10 hex = 0001 0000 binary 
20 hex = 0010 0000 binary 
40 hex = 0100 0000 binary 
80 hex = 1000 0000 binary 








SWTPC 6800 Serial Interface Diagnostic SERINT-1 

. ^ . .3,-; noi; 'i'r- -:ii sulqats 

; ' V-V ^ , i ; 1 ‘ i ■■ . ‘a ^ 

• ■ • ■ • - - - ^ ^ toS - SL:Bll33 

c .. '^Is serial ’interface diagnostic Is one designed >to-l6:Garte^ problerifs^tf 
S\OTC 6800 Computer System serial interface board, l®^S.-i-lt^*^s assumed"t1Ea 
before loading this program the rest of the system Is fUnCtidhihg hoftolly" iiltlt 
no problems. The program it^lf uses AI^q words and is loaded within the 128 
word RAM used by the; MII^UG ® operating system on the iMPnAiMicr^irprbC^S&or/System 
Board. A program may reside, in external BAM memor^r simuitanhousiy^ with the-dfeg- 
nostic loaded within th^ 128 word RjSil, or the diagnosticvjiay rbe r^ with nb'llP-^M 
memory boards installed on th_e system at..all. The dla^ostic mky ^be l:oad€^'either 
from tape or’instruption by instruction/using MIKBDGwstarting from addrd^s A0A8, 
thru A072.' The address of the serial interface to be diagnosed is set by using 
MIKBUG® to load the hexadecimal address of the selected)port Into men^^ 

APP2 and with^ signif icant , byte^ going : into:. Ali 62 \:a^ the least 

^ficant byte ^olng into 4003* The starting address loeationsvdfrthe ihterface'-^brts 
are given helow: - * 3 ts/‘O 


Port Address in Hex 


I/O 

#0 

8000 

I/O 

#1 

8004 

I/O 

#2 

8008 

I/O 

#3 

800C 

I/O 

#4 

8010 

I/O 

#5 

8014 

I/O 

#6 

8018 

I/O 

#7 

801C 


(reserved for control interface) 


Since the program counter is set when the program is initially loaded, the dia¬ 
gnostic is initiated as described in the *’Go to User’s Program”‘section of the 
Engineering Note 100. Once initiated, the program can be stopped only by de¬ 
pressing the "RESET” button. The program may then be re-started after resetting 
the program counter to A04A as described in the "Display contents of MPU Registers 
Function” section of Engineering Note 100. 


The diagnostic itself simply programs the selected serial interface to echo 
all incoming data back to the transmitting device. It does not check all of the 
internal operations of the interface. Interrupts and parity are not in any way 
tested, however, it is unlikely that the rest of the interface would check pro¬ 
perly with only these portions inoperative. With the diagnostic loaded, the inter¬ 
face may be tested with any serial terminal including, if you are careful, the 
control terminal which is normally plugged onto the control interface. 

To test a selected interface, first attach the baud rate jumper on the in¬ 
terface board for the selected baud rate. With the power off plug the board onto 
the selected interface position. If you are using a terminal other than the 
control terminal for testing connect it to the interface’s input/output connector 
along the top edge of the board. Power up the system and load in the diagnostic 
program and the address of the serial interface to be tested. Then execute 
a "Go to User’s Program” function as described in Engineering Note 100. If 
you plan to use the control terminal to check the interface, carefully 
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unplug its connector from the control interface and plug it onto the serial in¬ 
terface under test. You cannot of course remove power from the unit during this 
pro.ce4uri|,. since dp.ing iso. .will ;46rt out the diagnostic program previously‘ loaded 
into, inemoi^^ You aho.uld make sure also that the baud rate setting on the terminal 
is. t;he. same tthat. interface under test . 

, 'At, this time, ypu .should be' able- to type in data from the keyboard and h^ye 
it-echoed bapk byi the;confirmation of proper interface operation, 
fio ^return to terminali (control^ when ^'testing with the control teminal, the, 
control ,tea:minai*s ry0.<ca^ector will have to be removed from the serial interface 
aud plugged -hack orntojithevhbhferol interface where it hbrmally resides. 

. Never install or ^retoove^ the interface board When the system is' powered up. 
Doing so, is not palyl hazardous' to the equipmentV but bypasses ‘the normal ppwer-u^ 
sequence, required by* thej internal registeirs within the 6850 integrated circuit 
in order to guarantee proper operation. 


‘in-) 









Mikbug(Dis a registered trademark of Motorola Inc. 
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SWTPC Serial 


A002 LOADDR 

A003 

Start 


A048 

A0 


A049 

4A 


A04A 

FE 

START 

A04B 

A0 


A04C 

02 


A04D 

86 


A04E 

13 


A04F 

A7 


A050 

00 


A051 

86 


A052 

11 


A053 

A7 


A054 

00 


A055 

86 

LOOPl 

A056 

01 


A057 

A4 


A058 

00 


A059 

27 


A05A 

FA 


A05B 

86 


A05C 

B0 


A05D 

A4 


A05E 

00 


A05F 

27 


A060 

06 


A061 

E6 


A062 

01 


A063 

C6 


A064 

5E 


A065 

20 


A066 

02 


A067 

E6 

SKIPl 

A068 

01 


A069 

86 

L00P2 

A06A 

02 


A06B 

A4 


A06C 

00 


A06D 

27 


A06E 

FA 


A06F 

E7 


A070 

01 


A071 

20 


A072 

E2 



Interface Diagnostic SERINT-1 

Port Address MSB 
Port Address LSB 

Loading Program at A048 


Program Counter 
Program Counter 
LDX LOADDR 

MSB 

LSB 

LDA A 

#$13 


STA A 

0,X 


LDA A 

#$11 


STA A 

0,X 


LDA A 

#$01 


AND A 

0,X 


BEQ 

LOOPl 


LDA A 

#$B0 


AND A 

0,X 


BEQ 

SKIPl 


LDA B 

i,x 


LDA B 

#$5E 


BRA 

LOOP2 


LDA B 

1,X 


LDA A 

#$02 


AND A 

0,X 


BEQ 

LOOP 2 


STA B 

i,x 


BRA 

LOOPl 



-END- 
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SWTPC 6800<*aMlilei Intftrface Diagno^fi't PARTNT-iJf'^-'' sxm 8 ‘-‘- 

-" ■ .. ’■‘.r ‘‘r .., , . r.~. t rfa '■S'lc • 'I‘»wq --/.kS il3-h-r 

ao -tr, 93s5'^'-3^*i b‘i.J ■■ ^ ,• . sqX t-.-l-i'; Sli’i tx.j 

. -T -J -. i'rbtofe yrl: b!?i *5evy..- . __ , 

' TOis parallel ln.te.i^jacp diagnostic is one designed to lofc^e prdbleins in ' 
the SWTPC 6800 Coi^uter ^Sjrstem; p^allel interface boards MP-L. It i^ assumed 
that; before Ipading. this program .the;'test of ;-the system is functioning'iidrmally 
with no problems. The program ij^elf* uses -3310 wotds sfnd is loaded within the 
128 W6rd pAM useH ’by^‘thei lJI|3,UG@.Op.e.tjating, system On the MP-A Mittdpif ocessor/ 
System Board. A ptogram may reside in external RAM memory Simultaneously with ' ' 
the diagnostic loaded within the 128 word RAM, or the diagnostic may be run 
with no MP-M. memory; bpards installed on the^systemiat aliv The diagho^lc may 
bh loaded either i,rom tapp, or instruction by-instruction using MIKBOG^® stirt^ 
ing from'address .A04$, thru.A068^The Address of the parallel interface to .he 
diagnosed is set by using ..M^KBUG® to load rfhe hexadecimal address h‘f the^'sel- * 
ected port into memory locations A002 and A003 with the most significant byte 
going into A002 and the least significant byte going into A003. The starting 
address . lqcp,tions ql, t^ ip[tei^ce> ports arcigiven belOw":' . . ‘ . 

- \ iif'i • ’• '■ ', 

P’.Qrt ~ ■ - . :p' t . . . Address in;HeX ' •- - 


(reserved for control interface) 


Since the program counter is set when the program is initially loaded, the dia¬ 
gnostic is initiated as described in the "Go to User's Program" section of the 
Engineering Note 100. Once initiated, the program can be stopped only by de¬ 
pressing the "RESET" button. The program may then be re-started after resetting 
the program counter to A04A as described in the "Display contents of MPU Regis¬ 
ters Function" section of Engineering Note 100. 

The diagnostic itself works by echoing everything entered from the control 
terminal's keyboard back to the control terminal's display thru the parallel 
interface board. The control terminal remains connected to the serial control 
interface (I/O port #1). The normal "echo" of the control interface is first 
software disabled and data is then transfered thru hardwired jumpers from the 
parallel interface's input to output ports. Neither interrupts nor the CAl, 

CA2, CBl or CB2 lines are tested. It is unlikely that the rest of the inter¬ 
face would check properly with only these lines inoperative. 

To check the board, first make the following jumper connections on the 
MP-L parallel interface board I/O male connectors; 


INPUT CONNECTOR 


OUTPUT CONNECTOR 
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Plug the wired coim.QCtprs onto their poaitiptts on'the tlP-lj^intjeri^ace board and 
with the power off, plug the board onto the selected interface location. Power 
up the system and load in the diagnostic program and the address of the parallel 
interface. Then^et^cute a "Go ito 'User's Program'* as described in Engineering 
Note ,100. Now as each character is typed, it will be "echoed" back and printed 
on the control terminal's display. At low control interface baud rates you will 
notice a delay in the "echo" rfunction which is due to the software "echo" rou¬ 
tine. You may also notice thatrthe "echo" doesn^ t “Work'properly if you type 
too fast. This is normal. i 

If you, have problems,,,check Jthe data on the output connector of the inter¬ 
face after pach key is struck^ Bits'# thru 4 oh the connector should be Identi¬ 
cal to the ^Cil bit pattern of, the key struck with bit 7 alwayh a zero. The ^ 
data should remain latchedr. on the output of the interface until the next key is 
struck. s 

Never install or remove theniaterface board when the system is powered up. 
Doing so is not only hazardous to the equipment, but bypasses the normal power- 
up sequence required by the internal registers within the 6820 integrated circuit 
in order to guarantee proper operation. 


r 





Mikbug®is a registered trademark of Motorola Inc. 


PARINT-1 pagm 2 




A002 
A003 
El AC 
ElDl 


SWTPC Parallel Interface Dlaj^stic PARTINT-1 


MSB OF PARADE (PIA addreS^"^ 
LSB OF PARADE (PIA addres^) 
SUBROUTINE INEEE 


SUBROUTINE OUTEEE 


Start Loading Program At A04A 


A048 

A0 

(Program Counter MSB) 

A049 

4A 

(Program Counter LSB) 

A04A 

86 

START LDA A 

#$3A 

A04B 

3C 



A04C 

B7 

STA A 

#8007 

A04D 

80 



A04E 

07 



A04F 

FE 

LDX 

PARADE 

A050 

A0 



A051 

02 



A052 

C6 

LDA B 

#$FF 

A053 

FF 



A054 

E7 

STA B 

0,X 

A055 

00 


A056 

53 

COM B 


A057 

E7 

STA B 

Z,X 

A058 

02 



A059 

A7 

STA A 

1,X 

A05A 

01 



A05B 

A7 

STA A 

3,X 

A05C 

03 



A05D 

BD 

LOOPl JSR 

INEEE 

A05E 

El 



A05F 

AC 



A060 

A7 

STA A 

0,X 

A061 

00 


A062 

A6 

LDA A 

Z,X 

A063 

02 



A064 

BD 

JSR 

OUTEEE 

A065 

El 



A066 

D1 



A067 

20 

BRA 

LOOPl 

A068 

F4 




- END - 
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SWTPC 6800 TIC-TAC-TOE PROGRAM TICTAC^l 


•OIP 




OS •' 


•rv:: 


^lS| program allows the*' opferi^tor to play the game of TIC-TAC-TOE at the 
serial control terminal, l^he program uses 06B0i^ (181210) words of memory and 
is mea,nt to be loaded to memory vsCarting from location 002016. The program is 
actually irj two parts with the,first part residing in locations 002016 to 00A2i6 
and the secpnd part residiiig? ifcJlolca^ 010016 10*^068016. Due to the leiigth 
of this program, it shouldtbo dumped to cassette or-paper tape after loading, 
will make^it'easier to loai^he program the next^ time you wish to use it. 


This 




I® 


To use'the TIC-TAC program IbAd it in step by step-using the MlKBUG’ 
memory change function or through cassette or paper ‘tapie. The program counter 
addressesrJA048jg and A049j^^^riust^lflien be set to 0t ^d/00 respectively. The' 
TIC-TAC~program can now be iriitl^fed as described iii the "Go to User’s Program" 


section oiBCEJ^ineering NoteffOOT". ^If the program ;wa& iqaded correctly the com-, 
puter fshoui'd Tespond with AM A SWTPC 68#! COMPOTER I AM PROGRAMMED TO 

PLAY TIG-TAC-TOE..." The "will then give some instructions, print a 

sampleOtic-fcac-toe grid and^ill ask for "YOUR PLAY":" the numbers 1-9 desig¬ 


nate the squares 1-9 as shown on the sample grid^. . When, the computer says« 

"YOUR PLAY:" ‘ simply type in the number of the square that you wish to occupy 
with aQ"0*l.t tthe computer will then come back wit^. and some number. < 

The new^iiinb^r is the square that the computer ct^se tb^ occupy. An updated v. 
grid i§^^hen plrinted. If you type in a wrong character^.the computer responds * 
with "INV^ID CHARACTER" or if you choose an occupied square the computer tells 
you so and" asks for another play. When the game is finished and the computer 
asks if,you»want to play again, type a Y for yes or an N for no. The program 
can be exited at any time by pressing the RESET button |^d can be restarted 
by re-settirig the program counter to 0100 and initjijaj^zipg the program as de¬ 
scribed earlier. 

O W * * - ■ , ' 'i ^ 

The" ofiigihal source listing of this program is contained in the Motorola 
M6800 User iL ibfary, however, the program was slightly modified to enable it'to 
work with the SWTPC 6800 Mikbug® firmware and CT-1024 terminal system. These mod¬ 
ifications dijd'not change the internal workings of the program or its ability 
to run on TTY’s c- other type terminals. 


The program sends out control character commands to home-up and erase the 
screen on those CT-1024 terminal systems having the CT-CA computer controlled 
cursor option. You should program the jumpers on your CT-CA option so a control 
T (1016) generates a Home-Up and a Control V (16i6) generates an Erase to End 
of Frame (EOF). 


If after loading your TIC-TAC program it fails to work properly go back 
and re-check each memory location from 0020to 06B0 to be sure that the pro¬ 
gram was loaded correctly. If it was and the program still does not work pro¬ 
perly run the two memory diagnostics described in the Software Section of the 
System Documentation Notebook on the memory being used to verify that the mem¬ 
ory being used is operational. Running the diagnostics of course will cause 
whatever was stored in the memory being tested to JSe erased, so the TIC-TAC 
program should be re-entered. 


Mikbug® is a registered 


trademark of Motorola Inc". 
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0020 

OA 

0021 

20 

0022 

31 

0023 

20 

0024 

21 

0025 

20 

"0026 

32 

0027 

20 

0028 

21 

0029 

20 

002a 

33 

002B 

OD 

002C 

OA 

002D 

2D 

002E 

2D 

002F 

.2D 

0030 

21 

0031 

2D 

0032 

2D 

0033 

2D 

0034 

21 

0035 

2D 

0036 

2D 

0037 

2D 

0038 

OD 

0039 

OA 

003A 

20 

003B 

34 

003C 

20 

003D 

21 

003E 

20 

003F 

35 

0040 

20 

0041 

21 

0042 

20 

0043 

36 

0044 

OD 

0045 

OA 

0046 

2D 

0047 

2D 

0048 

2D 

0049 

21 

004A 

2D 

004B 

2D 

004C 

2D 

004D 

21 

004E 

2D 

004F 

2D 

0050 

2D 

0051 

OD 

0052 

OA 

0053 

20 

0054 

37 

0055 

20 

0056 

21 

0057 

20 

0058 

38 


0059 20 
005A 21 
005B 20 
005C 39 
005D 20 
005E 20 
005F 04 
0060 00 
0061 60 
0062 00 
0063 22 
0064 00 
0065 26 
0066 00 
0067 2A 
0068 00 
0069 3B 
006A 00 
006B 3F 
006C 00 
006D 43 
006E 00 
006F 54 
0070 00 
0071 58 
0072 00 
0073 5C 
0074 60 
0075 00 
0076 OA 
0077 00 
0078 00 
0079 00 
007A 00 
007B 00 
007C 00 
007D 10 
007E 16 
007F 7F 
0080 7F 
0081 4E 
0082 45 
0083 57 
0084 3D 
0085 00 
0086 04 
0087 00 
0088 00 
0089 53 
008A 4B 
008B 49 
008C 4C 
008D 4C 
008E 30 
008F 39 
0090 20 
0091 04 


0092 00 
0093 00 
0094 00 
0095 00 
0096 00 
0097 00 
0098 00 
0099 05 
009A BA 
009B 05 
009C CO 
009D 05 
009E C6 
009F 05 
OOAO CC 
OOAl 06 
00A2 65 


0100 

7E 

0101 

04 

0102 

E8 

0103 

10 

0104 

16 

0105 

7F 

01 

06 

7F 

01 

07 

48 

0108 

45 

01 

09 

4C 

01 

OA 

4C 

OlOB 

4F 

OlOC 

20 

OlOD 

49 

01 

OE 

20 

01 

OF 

41 

01 

10 

4D 

01 

1 1 

20 

01 

12 

41 

01 

13 

20 

01 

14 

53 

01 

15 

57 

01 

16 

54 

01 

17 

50 

01 

18 

43 

01 

19 

20 

01 

lA 

36 

*01 

IB 

38 

01 

1C 

30 

01 

ID 

30 

01 

IE 

20 

01 

IF 

43 

0120 

4F 

01 

21 

4D 

01 

22 

50 

01 

23 

55 

01 

24 

54 

01 

25 

45 

01 

26 

52 

01 

27 

00 

01 

28 

00 

01 

29 

00 

01 

2A 

00 

01 

2B 

OA 

01 

2C 

OD 

012D 

00 

01 

2E 

OD 

01 

2F 

OA 

01 

30 

49 

01 

31 

20 

01 

32 

41 

01 

33 

4D 

01 

34 

20 

01 

35 

50 

01 

36 

52 

01 

37 

4F 

01 

38 

47 
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0139 52 .0 
013A A'LsO 
0 i3B 4D S D 
013C 4D ' 
013D 45 
013E 44 
013 ,F; 20 
0140 54 
0141 4F 
0142 20. 
014.3^ 5:0 
0144 4C 
014B; 44.. 20 
0146 59.^20 
0147: QA 20 
0148: QD : 
0149 54 
014.A. A9: . 
014B. 43 
OUjC 2D 
014,D 54; 
014 E 41.2^ : 
014 F 43: 22 
0150 2Di2'^ 
01511 54 ... 
0152 4F0.:2 
015-3,; 45, 20 
0154: CtD 2C 
015^ 0Ai2G 
015 6 ' 59, : 
0157 4F ^ 
0158_ 55, . 
015-^ 2p:': ' 
015A;41 - 
015B., 52..:, 
0150 45- 
015D^ 2Qr ^ 
015E 22 
015,F 4F- 
0160 22 
0161 2,6 
0162^41 - 
0163 4E 
0164 44• 
0165 20 
0166 59 
0167 4F 
0168 55 
0169 20 
016A 50 
016B 40 
0160 .41 
016D 59 
016E 20 
016F 46 
0170 49 
0171 52 


017i2> 53 20 
0173 54 2 
017A 2E 
0175 OD 
0176 OA 
0177 59 
0178 4F - 
0179 55 
017A 20 
017B 50' 
0170- 40 - 

017 B 4-1-' 
017B- 59- 
017F 20 
0180 42- 
0181 59 
0182: 23 
0183 54i; 
0184 59 
0185 50 
018 6 49 
0187 4-E oV 
0188 47 2C 
0189 20 23 
018A. 41 " 
018B 20. 
0180 4E'.2, 
018D 55 
018.E 4D 
OISF 42 
0190:45 
0191 52 
0192 20ir.C 
0193- 46 
0194 52’:o 
0195 4F 
0196 4D "• 
0197.20 
0198 31 
0199 20 . 

019A 54- 
019B 4F- 
0190 20 
019D 39 
019E 20, 
019F 20 .. 

OlAO 20 
OlAl 20 
01A2 20 
01A3 20 
01A4 20 
01A5 20 
01A6 20 
01A7 20 
01A8 OD 
01A9 OA 
OlAA 04 


01AS 4920 
OlA'G 4E 
.01 AD 56- 
OlAE 41 
OlAF 4C 
01 BO 49 
OlBl 44 
01B2 20 
01B3 52 
01B'4 45 
01B5 50 
01B6 40 - 
Oie¥ 59 > 
OlBS 21 
01B9 20 ^ ’ 
OIB'A 50 
OISB 40 
01 BO- 4 5 
OIBD 41 
01 BE 53 
OIBF 45 - 
OICO 20 ' 
OlCl 54 
01C2 59 
01C3 50 
01C4 45 
0105 20 
01C6 41 
0107 47 
01C8 41 
0109 49 - 
OlOA 4E 
01 OB 3A^ 2 
0100 04 - 
01 CD 54 ' 

OICE 48 
OlOF 41 
01 DO 54 
OlDl 20 
01D2 4C 
01D3 4F 
01D4 43 
01D5 41 
01D6 54 
01D7 49 
01D8 4F 
01D9 4E 
OIDA 20 
OIDB 49 
OIDO 53 
OIDD 20 
OIDE 41 
OIDF 40 
OlEO 52 
OlEl 45 
01E2 41 
01E3 44 


01E4 59: '2 
01E5' 20 
01E6 54 2C 
01E7 41 '' 
01E8 4B 
01E9 45 
01EA 4E 
01EB 20 ' 

OlEC 20 
01 ED 50 
01 EE 40 
OlEF 45 
OlFO 41> ’ 
01F2F 53 
01F2 45 ■ 
01F3 20 
01 FA 54 
01F5 52 
01F6 59 ■ 

01F7 20 
01F8 41 
01F 9 4 72 
01 FA 41 
01FB 49 - 

OlFC 4E 
01FD 2E 
OlFE 20 
01FF 20 
0200 04' 
0201 59 
0202 4F 
0203 55 
0204 32 S 
0205 20' ' 
0206 50^ 
0207 4C 
0208 41 
0209 59 
020A 3A 
020B'/2G 
020c 04 - 
020D 59 
020E 4F 
020F 55 
0210 20 
021d 57 
0212 49 
0213 4E 
0214 21 
0215 04 
021-6 49 
0217 20 
0218-, 57 = 
0219 49 
021A 4E 
021B 21 
02 I G 04 
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02 ID 

54 . 

0256 40. 0 

028F 

41 i; 

02Cb 

bii ' 

02 IE 

4? in 

0257 40 !0 , 

0290 

56' 

0209 

41 - 

02 IF 

45 

0258 3A:o 

0291 

45 

02 OA 

43 - 

0220 

20 

0259 80 

0292 

20 

02CB 

54 

0221 

47 . 

025A 30 

0293 

OA 

0200 

45 

0222 

4 1 - 

025B 8D 

0294 

OD 

02GD 

52 

0223 

4D 

025C 40 

0295 

45 

020E 

OA 

0224 

45 

025D 4r 

0296 

4E ? 

02 OF 

OA 

0225 

2E 

025E 57 i 

0297 

4A 

02D0 

OA 

0226 

04. 

025F 80 

0298 

4F 

02D1 

OA 

0227 

57 

0260 80 ! 

0299 

59 

02D2 

OA 

0228 

4F 

0261. 54 

029A 

45 

02D3 

OA 

0229 

55 

0262 4F 

029B 

44 

02D4 

OA 

022A 

4C 

0263; 80 i 

0290 

20 

02D5 

OA 

022B 

44 

0264 39 

029D 

50 1 

02D6' 

04 

022C 

20 

0265: 8D . 

029 E 

40 i 

02D7 

50 

022D 

59’ 

0266 48 i; 

029 F 

41 

02 D8 

40 

022 E 

4.F 

0267 49 i 

02A0 

59 : 

02D9 

45 

022F 

55 

0268 47 

02A1 

49 

02DA 

41 

0230 

20 i 

0269 48 

02A2 

4E 

02DB 

53 

0231 

4C 

026A 20 

02a3 

47 

02D0 

45 

0232 

49 i 

026B 20 

02A4 

OD 

02DD 

20 

0233 

4B 

026C 20 

02A5 

OA ' 

02DE 

54 

0234 

45 

026B 20 

02A6 

59 

02DF 

59 

0235 

20 

026E 20 

02AT 

4F 

02 EO 

50 

0236 

54 

026E 20 - 

02A8 

55 

02E1 

45 

0237 

4F 

0270 20 

02A9 

20 

02E2 

20 

0238 

20. 

0271 20 

02AA 

4D 

02E3 

22 

0239 

50 i 

0272 20 ' 

02AB- 

4-1 * 

02 E4 

59 

023A 

4C ^ 

0273 20 • 

02AC 

59 ■ 

02E5 

22 

023B 

41 

0274 20 

02AD 

20 

02E6 

20 

023C 

59 

0275 20 

02AE 

52 

02E7 

4F 

023D 

20 } 

0276 20. 

02AF 

45 ■ 

02 E8 

52 

023E 

41 " 

0277 04 ' 

02B0 

53 

02 E9 

20 

023F 

47 f 

0278 54'i 

02B1 

54 

02 EA 

22 

0240 

41 

0279 48 

02B2 

41 

02 EB 

4E 

0241. 

49 >- 

027A 41 

02B3 

52 

02E0 

22 

0242 

4 E - 

027B 4E 

02B4 

54 

02ED 

2E 

0243 

3F 

027C 4B 

02B5 

20 

02EE 

04 

0244 

20 

027D 20 

02B6 

42 

02 EF 

D6 

0245 

04 

027E 59 

02B7 

59 

02 FO 

22 

0246 

to 

027F 4F 

02B8 

20 

02F1 

96 

0247 

16 

0280 55 

02B9 

54 

02F2 

54 

0248 

00 

0281 2E 

02BA 

59 

02F3 

97 

0249 

00 

0282 20 

02BB 

50 

, 02F4 

22 

024A 

54 

0283 49 

02B0 

49 

02F5 

96 

024B 

59 

0284 20 

02ED 

4E 

02F6 

50 

024C 

50 

0285 48 

02BE 

47 

02F7 

97 

024D 

45 

0286 4F 

02BF 

20 

02 F8 

54 

024E 

80 

0287 50 

0200 

41 

02 F9 

96 

024F 

4E 

0288 45 

0201 

4E 

02 FA 

2A 

0250 

45 

0289 20 

0202 

59 

02FB 

97 

0251 

57 

028A 59 

0203 

OA 

02 FO 

50 

0252 

20 

028B 4F 

0204 

OD 

02FD 

D7 

0253 

53 

0280 55 

0205 

43 

02FE 

2A 

0254 

4B 

028D 20 

0206 

48 

02FF 

D6 

0255 

49 

028E 48 

0207 

41 

0300 

26 
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0301 

96 

033A 

E6 


0373 

30 

0,3AC 78 

08ad,2b7 

0302 

1 ' 

3B 

033B 

00 


0374 

-9£ ’ 

0303 

97 

033C 

85 


0375 

^2 


030.41 

26 

033D 

10 


0376 

31 

03AF Bp 

0305 

9 6 

03 3 E 

27 


0377 

31 - 

o3Bo-db 

0306 

58 

033F 

06 


0378 

7D ' 

03B1' 23 V 

0307 

97 

0340 

Cl 


0379 

00 

0382 72.2 

0308 

;3B 

034 1 

58 


037A 

96 

03‘B3 ‘^5 

0309 

96 

0342 

27 


037B 

26 

03B4 82: 

030A 

43 

0343 

IF 


037 C 

02 

03B5 BD 

030B 

97 

03414 

20 


037D 

6E 

03B6 B3 

030C 

58 

0345 

OE 


037E 

00 

0387 2:3 , 

030t) 

D7 

0346 

85 


037F 

84 

03 B8 ,21 

030 E 

43 

0347 

20 


0380 

OF 

03B9 

030F 

30 

0348 

27 


0381 

97 

03iA 22 ; 

0310 

EE 

0349 

06 


0382 

95 

03^ 'oz: 

0311 

Oo 

034A 

Cl 


0383 

'bfc ■ 

oObO “EF 

0312 

31 

034B 

4F 


0384 

94 

0381 ) 63 . . 

0313 

31 

034C 

27 


0385 

EE 

03BE AF .7 

03141 

7A 

034 D 

15 


0386 

97 

' 03BF 7E, 

0315 

00 

034E 

20 


0387 

6E 

03bb 03* 1 , 

0316 

74 

034F 

04 


0388 

00 

, 030^^^^^^ bf7. 

0317 

26 

0350 



038g- 

96 ’,-■-■■'.-■■ 

03.42 BdI'I 

0318 

06 

0351 

■2b--. 


038a 

r7 \ 

■ 0342 Ob:;. 

0319 

86 : 

0352 



ob8& 


03^ 23'::.- 

031A 

04 ' 

0353 

OF 


038C,-^ 

-b;F.'":.' 

03C8 21' ' 

03 IB 

97 

0354 

85 

' 

. 038 D 

v86 

03C'6 62 

03 l.C 

74 - 

0355 

40 


.038 E 

05 

03C’7 63 ■ 

03 ID 

6E 

0356 

26 


038 f 

97 

03 c8: 21 

03 l E 

02 

0357 

03 


0390 

78 
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Motorola’s M6800 User’s Group 


Motorola Inc. has invited SWTPC 6800 Computer System customers to join 
their M6800 User’s Group. The library contains a growing number of programs 
and subroutines which may be directly or easily modified to run on the SWTPC 
6800 Computer System. The reason for possible modification is that some of 
the programs within the library have been writjten using character input/output 
subroutines resident in Motorola’s EXOR cisor® firmware. Similar character 
input/output subroutines are resident in the SWTPC 6800 mini-operating system 
ROM as well but are located at different addresses. 

For those programmers using machine language, you must submit your pro¬ 
gram using the assembler mnemonics, hand generating the machine code as you 
go long. Programs written dn machine language with no accompanying source 
statements will not be accepted. It is suggested that all programs you write 
either for your own use or for submission to Motorola’s program library have 
the first 20^6 memory locations (0000 thru 001F) unallocated for your pro¬ 
gram use. We would like to reserve these locations for upward compatibility 
on future floppy disk file systems. 

Be sure to document any submitted program with lots of source statement 
comments to make it easier for other programmers to understand what you have 
done. 


The M6800 Microprocessor User Group was formed to promote the sharing of 
information among users of Motorola 6800 microprocessor products. This informa¬ 
tion takes two forms; the User Group Library and the User Group Newsletter. 


USER GROUP LIBRARY 

This repository of M6800 programs is available to all User 
Group members. By adapting programs from the library, us¬ 
ers may avoid the time and expense of reinventing the same 
software "wheels". Program distribution includes a ring 
binder with source listings of most library programs. The 
standard distribution includes only descriptions of long 
programs (listings over 5 pages). Source listings for 
these programs are available on request for a nominal ser¬ 
vice charge. 

USER GROUP NEWSLETTER 

This publication will include information about new lib¬ 
rary entries, new Motorola microprocessor hardware and 
software products, and other items of general interest. 

User Group membership includes library updates and Newsletters for a per¬ 
iod of two years. 

MEMBERSHIP REQUIREMENTS 

A free two year membership is available to anyone who 
submits an acceptable entry to the Program Library. 

Programs should be of general interest, and they must 



be documented on the M6800 User Group Library Submittal 
Form. Programs of all kinds are needed; the following 
are only suggestions. 


• Floating Point Arithmetic Package 

• Decimal Arithmetic Package 

• Diagnostic Programs 

• I/O Drivers 

• Desk Calculator Package 

• Math Library Routines (squareroot, trig 

functions, etc.) 

• Games 

• Etc. 

Although users are encouraged to join the User Group 
by submitting a program, membership may also be pur¬ 
chased for $100.00. 

PROGRAMS PRESENTLY IN THE M6800 USER GROUP LIBRARY 

EXBUG ROUTINE CBCDHX (CONVERT HEX TO BINARY) 

EXBUG ROUTINE INCHNP (INPUT CHARACTER NO PARITY) 

EXBUG ROUTINE INCH (INPUT CHARACTER) 

EXBUG ROUTINE OUTCH (OUTPUT CHARACTER) 

EXBUG ROUTINE PDATA (PRINT DATA STRING) 

BINARY TO DECIMAL ASCII CONVERSION 

HIGH SPEED DOUBLE PRECISION MULTIPLY 

REENTRANT 16 BIT DIVIDE 

REENTRANT DOUBLE PRECISION MULTIPLY 

M6800 RESIDENT I/O PACKAGE - EXBUG VERSION 

M6800 RESIDENT I/O PACKAGE - MIKBUG VERSION 

MPU INSTRUCTION TEST 

MEMORY TEST 

PIA TEST 

32 BIT REENTRANT FLOATING POINT MULTIPLY 
HIGH DENSITY TAPE LOAD 
HIGH DENSITY TAPE PUNCH 




18. MANUAL PUNCH MODIFICATION FOR M6800 RESIDENT 
I/O PACKAGE - EXBUG VERSION 

19. INTERDATA CROSS ASSEMBLER 

20. TIC-TAC-TOE 


INSTRUCTIONS 


1. Please complete Program Submittal form as follows: (Please print or type) 

a. Author, employer, address, and telephone 

b. Program Type (check appropriate box) 

c. Program Title: Name or brief description of program 

d. Function: Description of the program function and operation 

e. Parameters: Description of register values, memory areas or values 

accepted as input 

f. Results: Values to be expected in registers, memory areas or as 

output 

g. Hardware Configuration: 

For Example: SWTPC 6800 Computer System 

Serial Control Interface at 8004 - 8007 
Parallel Interface at. 

h. Memory Requirements 

i. Software Support: 

For Example: Mikbug ® ROM MCM6830L7 

Resident software I/O routines 

j. Assembler/Compiler: 

For Example: Machine Language or 

SWTPC Resident Editor/Assembler 

2. A source listing (assembler or compiler output) of the program must be 
included. 

3. A test program which can be used for verification of the program must be 
included. 

4. Since your programs may be copied for publication in the User Group 
Library, please send a clear, unmarked original. 

MAIL TO: MOTOROLA INCORPORATED, SUPPORT PRODUCTS, M6800 USER GROUP 
LIBRARY BB102, P. 0. BOX 2953, PHOENIX, ARIZONA 85036 


3 - 


Mikbug® and EXOP^isor ® are registered trademarks of Motorola Inc. 
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M6800 USER GROUP LIBRARY SUBMITTAL FORM 


PROGRAMMER 

COMPANY: 


ADDRESS: 


□ M6800 RESIDENT □ CROSS-COMPUTER 


TELEPHONE:(OPTIONAL) 


PROGRAM TITLE: 


FUNCTION: 


PARAMETERS; 

RESULTS: 

HARDWARE CONFIGURATION: SWTPC 6800 Computer System 

MEMORY REQUIRED: 

SOFTWARE SUPPORT: 

ASSEMBLER/COMPILER: 








Smart Bug 
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SMARTBUG - AN INTELLIGENT MONITOR FOR THE 6800 


INTRODUCTION 

SMARTBUG is a 1024 byte monitor program which may be used 
in most systems using the Motorola 6800 microprocessor. 

It was designed primarily to replace the MIKBUG ROM used 
in many systems including the Southwest Technical Products 
6800 microcomputer. SMARTBUG is available from SMOKE SIGNAL 
BROADCASTING on a 2708 EPROM. In order to implement SMARTBUG 
in the SWTPC 6800 microcomputer system, SMOKE SIGNAL BROAD¬ 
CASTING has developed the P-38 series of EPROM boards. 

These boards are equipped with SMARTBUG and contain room 
for seven more 2708's so that the user can expand the monitor 
at any time. 

Most of the SMARTBUG subroutines start at the same address 
locations as the functionally equivalent MIKBUG subroutines. 

* Thus, most programs designed to run with MIKBUG should require 

little, if any, modification to run with SMARTBUG. 

One major advantage of SMARTBUG is that it is available on a 
2708 Eraseable-Programmable Read Only Memory Chip. This 
means that the user may easily change the monitor to suit 
his individual system requirements simply by re-programming 
the 2708. 


WHY SMARTBUG? 

SMARTBUG has several new features not found in MIKBUG which 
make system operation easier; however, these are not the 
primary reasons for SMARTBUG, but are added bonuses. MIKBUG 
handles serial I/O through the 6820 Parallel Interface Adapter 
which was designed for 8 bit parallel I/O and not serial I/O. 
MIKBUG requires the 6800 microprocessor to wait in timing 
loops while inputting or outputting data through the PIA. 

Thus, while the processor is writting a character, it cannot 
check to see if the user wishes to input a character at the 
same time. This limitation becomes quite noticeable to the 
user when trying to interrupt a program listing in BASIC 
(or any program that checks for user input while outputting 
data) by typing "CONTROL C". Many "C" keys have been worn 
out trying to get the program to recognize the user input. 
Also, while the processor is spinning its wheels in I/O 
timing loops, it cannot be doing any other work although 
this is usually unimportant except in real-time applications 
requiring fast servicing of interrupt requests. 

SMARTBUG handles I/O through the 6850 Asynchronous Communi¬ 
cations Interface Adapter. The 6850 was designed specifically 
to handle serial data. When writting data to the 6850, all 
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the microprocessor needs to do is check to see that the 6850 
is ready to receive data and then write an 8 bit word to the 
6850 in parallel form over the system data bus. This takes 
only a few instructions and very little time. While the 6850 
is converting the parallel data received from the microprocessor 
to serial and sending it to the output device, it can simul¬ 
taneously receive data. Thus, if you are running BASIC and 
type a "CONTROL C", the processor is "instantaneously" able 
to respond to your interrupt the first time you type "CONTROL 
C". 


Another advantage of handling serial I/O through an ACIA is 
that baud rates in excess of 19,200 can be accomodated 
compared to a maximum baud rate of about 1200 baud that can 
be handled by MIKBUG. 


WHY MIKBUG? 


To the experienced hobbiest who has used MIKBUG, the limitations 
of handling serial I/O through a 6820 parallel I/O chip are 
intuitively obvious. If you are a newcomer, just accept it 
on faith that only a very strange person would use a 6820 for 
serial I/O instead of a 6850 in a general purpose microcomputer 
system. The question that is often asked is; "Why would a 
big company like Motorola do such a silly thing?". The answer 
is that in 1974 when MIKBUG was written, the 6850. was not 
yet in production and the 6820 was. In order to introduce 
the first 6800 evaluation kit, it was necessary to handle the 
serial I/O through a 6820 and MIKBUG was a very clever little 
device used to demonstrate how easy it was to use the 6800 
microprocessor. 


HARDWARE REQUIREMENTS 

SMARTBUG "talks" through a 6850 ACIA which should be located 
at $8008 and $8009. It also requires RAM at $A000 through 
$A06B. SMARTBUG itself is located at $E000 through $E3FF. 

In order to have the reset and interrupt vectors operate 
without external ROM, it is necessary to have SMARTBUG 
located at $FC00 through $FFFF in addition to $E000 through 
$E3FF. The SMOKE SIGNAL BROADCASTING P-38 series of EPROM 
boards has a switch to allow SMARTBUG to occupy both of 
these areas or only the $EO0O through $E3FF area when using 
another 2708 in the $FC00 through $FFFF area. To locate a 
6850 ACIA at $8008 and $8009, owners of the SWTPC 6800^hquld , 
purchase a MP-S board arvSTpIace it in I/O slot number C2., .-^'' “ 
The MP-C control board in slot number 1 is no longer used 
and should be removed from the machine. 


USE OF HIGH BAUD RATES 

The maximum baud rate useable with MIKBUG is about 1200 baud. 
With SMARTBUG, it is possible to use baud rates of at least 



19/200; however, for baud rates in excess of about 1200 
baud, it may be necessary to change the crystal in the 
SWTPC 6800. The MC14411P baud rate generator chip used 
in the SWTPC 6800 is designed to use a crystal frequency 
of 1.8432 MHz. The crystal supplied with the SWTPC 6800 
is a few percent lower in frequency due to an anomoly of 
MIKBUG. If you wish to take full advantage of SMARTBUG 
and use it's high baud rate capability, you may need a 
crystal of the correct frequency. Also, it will be necessary 
to bring the desired baud rate line out from the baud rate 
generator chip on the CPU board in place of one of the lower 
baud rates that you are not using. This requires a foil 
cut and jumper on the CPU card. Consult the CPU card instruc¬ 
tion manual and the MC14411P data sheet to determine the 
correct locations for your particular application. 


SOFTWARE OPERATION 
RESET 


Pressing the reset button on the SWTPC 6800 will cause 
SMARTBUG to output a carriage return, line feed and an 
asterisk (*) to the system terminal. As in MIKBUG, the 
asterisk is the prompt character; and, when it appears, 
SMARTBUG is waiting for the user to enter a command. One 
of the advantages of having your monitor in EPROM*is that 

you are able to customize the monitor to your system. _ 

When SMARTBUG prompts with an asterisk, it is actually 
outputting the character string located at $E3F0 through \ 
$E3F6. If you are using a non-scrolling terminal such as ) 
the CT-1024, you may wish to change oneof the null (00) i 
characters in this string to an "Erase to End of Line" J 
character ($15 in the case of the CT-1024). 


COMMANDS 

After being prompted with an asterisk, the user may enter 
any valid SMARTBUG command. All SMARTBUG commands are 
single-letter commands followed, in some cases, by address 
information. The valid command letters are A, B,C,D,E,G, 
H,I,J,K,L,M,N,P,Q,R,T,X,4. Entering any other character 
will cause SMARTBUG to prompt again with an asterisk. 


"R" REGISTERS 

Typing "R" will cause SMARTBUG to display the various 
registers in the 6800 in the following format. 

*R CC BB AA XXXX PCPC SPSP 

Throughout this manual, user input is indicated by underlined 
characters. Output from SMARTBUG is not underlined. 


CC is the two hex digits representing the contents of the 
Condition Code Register 
BB is the contents of the B Accumulator 
AA is the contents of the A Accximulator 

XXXX is the contents of the Index Register (4 hex digits) 

PCPC is the contents of the Program Counter 

SPSP is the contents of the Stack Pointer 


"A" EXAMINE AND CHANGE THE A ACCUMULATOR 

Entering an "A" after the * prompt character will cause the 
contents of the A Accumulator to be displayed. To change 
the contents of the A Accumulator, simply type two hex 
characters. Type a carriage return to return to SMARTBUG 
without altering the contents of the A Accumulator. A sample 
format is shown below. 

*A XX YY 

where XX is the old contents of the A Accumulator and YY is 
the new contents entered by the user. 


"B" EXAMINE AND CHANGE THE B ACCUMULATOR 

"B" allows the user to examine and change the contents of 
the B Accumulator and operates in the same manner as the 
"A" command. 


"C" EXAMINE AND CHANGE THE CONDITION CODE REGISTER 

"C" allows the user to examine and change the Condition Code 
Register and operates in the same manner as the "A" command. 


"X" EXAMINE AND CHANGE THE INDEX REGISTER 

"X" allows the user to examine and change the contents of 
the Index Register. This command operates in the same manner 
as the "A" command except that four hex characters are 
required for the "X” command instead of two. 


”M" MEMORY EXAMINE AND CHANGE 

The "M" command allows the user to examine any memory location 
and to change any memory location occupied by RAM memory. 

To examine a memory location, type "M" followed by the four 
hex digits of the memory location you wish to examine. 
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EXAMPLE; *M 0100 

*0100 7E BD 
*0101 El 


In the above example, the user typed "M” followed by "0100". 
SMARTBUG then typed *0100 7E. 7E was the old contents of 
0100. The user then typed "BD", thus changing the contents 
of 0100 to BD. SMARTBUG then proceeded to show the user 
the contents of 0101. 


To change a memory location, it is only necessary to type the 
two hex digits representing the new data. To return to 
SMARTBUG w ithout changin g the data, type a carriage return . 

To examine the fo llowing loca tion without changing the 
present location, the SP ACE-BAR. Tp_exam ine the pre¬ 
vious memory location, type '^^'^ifor up. 


. r( 


■X 


GO TO USER'S PROGRAM 


Two commands are provided to transfer control from SMARTBUG 
to a user's program. The "G" command which operates in 
the same manner as the "G" command in MIKBUG and a new "J" 
command. 


"G" GO TO LOCATION CONTAINED IN $A048 and $A049 

To use the "G" command, first use the "M" command to put 
the starting address of the program into memory locations 
$A048 and $A049. Then type "G". SMARTBUG will then jximp 
to the location contained in $A048 and $A049. This command 
is useful when you will enter the program several times 
from SMARTBUG. When you only intend to enter the program 
from SMARTBUG once, the "J" command is more convenient. 


"J" JUMP TO LOCATION XXXX 

Typing "J" "XXXX" where XXXX are four hex digits will cause 
SMARTBUG to transfer program control to that location. 
EXAMPLE: *J OlAO will cause SMARTBUG to jump to $01A0 and 
begin executing whatever program was previously stored 
beginning at that location. 


"I" INSERT 

FORMAT: I XXXX YYYY ZZ EXAMPLE: *I 0000 ^FF 3F 

This command will insert the two hex digits "^ZZ" into 
memory locations "XXXX" through "YYYY". In the example, 
memory locations $0000 through $3FFFwill now contain $3F. 

In debugging a new program, it is often desireable to store 
$3F (software interrupt) in all your memory prior to loading 
and executing the program. If the program inadvertantly 





transfers outside the program area, it will encounter a 
software interrupt, display the CPU registers and return 
to SMARTBUG, This command can also be used to clear blocks 
of memory by storing "00" into specified areas of memory. 


"Q" QUICKSTART 

This command is for the convenience of those people using the 
SMOKE SIGNAL BROADCASTING BFD-68 Disc System. Typing "Q" 
does the same thing as typing "J 8020". SMARTBUG transfers 
control to $8020 which is the beginning address of the 
routine that boots in the disc operating system from a 
cold start. 


"D" DISC 

Typing "D" transfers control from SMARTBUG to $7283 which 
is the warmstart address of DOS68, the disc operating 
system used with the BPD-68 disc system. This provides a 
convenient means of re-entering the DOS68 monitor from 
SMARTBUG when DOS68 has previously been booted in from disc 
and is resident in memory. Those people using the optional 
j^^ion of DOS68 located between DOOO and DFFP will want to 
^ ^e-program the 2708 and change location $E3DF from $72 to 

$D2. Typing "D" will then trasfer program control to $D283 
which is the warmstart address of the optional version of 
DOS68. 


"E" ECHO, "N" NO-ECHO, "H" HARDCOPY 

RAM location $A00B is a "flag" location that determines 
whether INEEE w ill echo ba ck characters typed on the terminal 
aggl whethe r OUTEEE wil l output to the sys tem terminal con¬ 
nected to I/O port numbef ~2~7ACIA at $8008 and $8009) or 
jx imp to an exte r nal output routine .. The external output 
routine would normally be a routine to drive a hardcopy 
printer. INEEE is a subroutine located at $E1AC that waits 
for a character input from the system console and returns 
that character input in the A accumulator. OUTEEE is located 
at $E1D1 and causes a character in the A accumulator to be 
transmitted to the system console (or to the external print 
routine). 

When hitting "RESET" or otherwise entering SMARTBUG at $E0D0, 
location $A00B is cleared. Typing an "E" will also clear 
this location. IVhen location $A00B contains a "00", all 
input through INEEE will be echoed through the system console 
and calls to OUTEEE will result in output to the system 
console and not a jump to an external printer output routine. 

NOTE; Many programs have been written that re-enter MIKBUG 
upon completion of the program at "START" location $E0D0. 
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Normally^ it is better to re-enter MIKBUG or SMARTBUG at <3 

"CONTRL" location $E0E3. Entering at "CONTRL" will not d)- ^.4 

re-initialize $A00B to the ECHO mode, but will leave it in 
the mode last selected by the user or the user's program. ' 

This is usually more desireable. While MIKBUG does not 
have an echo control feature, there are some other reasons 
why it is usually better to re-enter MIKBUG or SMARTBUG 
at $E0E3 rather than $E0D0. Also, remember that hitting 
"RESET" restores the echo. Unless this is your desired 
mode of operation, you will have to type "N" or "H" after 
pressing "RESET". 


positive number ($01 through $7F) stored in $A00B will 
'cause INEEE not to echo the character inputted through INEEE 
and OUTEEE will not jump to an external print routine. 

Typing "N" stores a $4E in location $A00B and, thus, suppresses 
the echo. 


Ul 

rt 


Any negative number ($80 through $FF) stored in $A00B will 
cause OUTEEE to jump to $A04A before anything is transmitted 
to the terminal device. Typing "H" stores a $B8 in location 
$A00B and, therefore, will cause OUTEEE to juit^ to $A04A. A-t 
Any user wishing to use the "H" command will have to put ^ 
a jump to his printer routine location in location $A04A, 

$A04B and $A04C prior to using this feature. Those SMARTBUG 
users having a SMOKE SIGNAL BROADCASTING P-38 series EPROM 
board will probably want to put their printer routine in i ^ - 




/y “til:. 


EPROM. Then the printer routine will always be available 
without having to load it into RAM each time the system is 
powered up. The next EPROM location available on the P-38 
board is $E400 through $E7FF. We suggest standardizing on 
$E60 0 as thej beginninq. location of the^^print rou tine. This 
leaves $E400 through $E5FF available for extended monitor 
routines. If you do put your printer routine at $E600, 
you will probably want to change SMARTBUG location $E1D7 
from $A0 to $E6 and location $E1D8 from $4A to $00. This 
will cause OUTEEE to jiunp directly to your routine at $E600 
instead of to $A04A. This again points out the advantage of 
having the system monitor in EPROM rather than ROM. With 
EPROM, it is easy to customize the system monitor to your 
unique system requirements. 

If you want OUTEEE to output both to the system console | 
as well as to your separate hardcopy device when in the I 
"H" mode, your print routine should end with a jump^ to [ 

$E^9. Otherwise, it should end with a "RTS" ($^). \ ^ 




CONTROL OF THE ECHO FUNCTION FROM THE USER'S PROGRAM 


Several programs such as BASIC and DOS68 turn the MIKBUG 
echo off prior to jumping to INEEE and restore the echo 
upon return. This allows the program to echo control charac-. 
ters and other normally non-printable characters. This is 
also probably the only major area where SMARTBUG and MIKBUG 
are not compatible. In MIKBUG, the echo is suppressed by 
storing a $3C in location $8007 and is restored by storing 



$34 in location $8007. Running a program that suppresses 
the MIKBUG echo in SMARTBUG without first modifying the 
echo handling routine will result in the input being double 
echoed unless you type a "N" prior to entering these programs. 

For frequently used programs, it will probably be more 
convenient to modify them than to remember to type "N". 

To modify an existing progreim, we suggest that you change 
the instructions storing a $3C in $8007 to an "INC $A00B" 

(7C AO OB) and that the instruction storing a $34 in $8007 
be changed to a "DEC $A00B" (7A AO OB). NOP's ($01) should 
be used to fill in the extra area used by the previous in¬ 
structions. 

In DOS68, the echo control is found in the ZLINEI routine. 

The jump to ZLINEI is found in the jump table at $72B5 
(or $D2B5). Echo is turned off by the instruction sequence 
86 3C B7 80 07 and turned back on by the sequence 86 34 B7 
80 07. These sequences should be changed to 7C AO OB 01 01 
and 7A AO OB 01 01 respectively. The exact location of 
the ZLINEI routine may vary with different versions of DOS68, 
but the jump table location will remain the same. This is 
why we ask you to go to the jump table to find ZLINEI and 
search through ZLINEI for this instruction sequence rather 
than specify the locations to be changed. 

By using an increment-decrement scheme to control the echo, 
the user now has control of the echo even if he has selected 
the "H" HARDCOPY function prior to entering his program. 

The first part of the printer routine should test to see if 
$A00B contains a $B8. If it does, the routine should output data 
given it. If~it contains a $B9, the routine should do a ^ 
"RTS" without outputting the data. 


PUNCH FORMATTED TAPE 


EXAMPLE: *P 0100 0150 


The above example will cause SMARTBUG to punch a formatted 
tape containing the data in memory locations $0100 through 
$0150. The tape format is the same as the MIKBUG format and 
S9 is not punched at the end. This way, several areas of 
memory may be punched on one tape and loaded with one "L" 
command. At the end of the last area of memory to be punched 
to the tape, the user should manually type a S9 to the tape 
so that the "L" command will function automatically. 


"L" LOAD FORMATTED TAPE 

Typing "L" will turn on the system tape reader and read 
formatted tape produced by the "P" command. If the tape does 
not contain a S9 as an end of file indicator, it will be 
necessary for the user to manually type a S9 on the system 
console after the tape has been read in order to return to 



SMARTBUG. The S9 causes SMARTBUG to be entered at "CONTRL". 
This is to be preferred over hitting "RESET" which causes 
entry at "START". 

Unlike MIKBUG, SMARTBUG normally echoes the tape input. 

If the user wishes to suppress the echo when loading tape, 
he should type "N" prior to typing "L". 


"4" JUMP TO $E400 

Typing a "4" will cause SMARTBUG to jump to $E400. This 
command allows users of the SMOKE SIGNAL BROADCASTING P-38 
series boards to expand their SMARTBUG monitor to include 
additional commands by installing another 2708 EPROM in the 
$E400 through $E7FF socket on the board. The user can 
accomodate additional commands by having a routine starting 
at $E400 that asks for an additional character input and 
then executes whatever command is specified by that second 
character. Using this approach, all regular SMARTBUG commands 
would continue to be one character commands and all extended 
commands would be two character commands with the number "4" 
being the first character. 

We would very much appreciate a copy of any extended commands 
you may develop. Naturally, we would prefer a fully-commented 
source listing; however, don't be embarrassed to send just 
the object code along with a brief functional description. 
After all, it seems most of us write programs first and 
document them later (and then, only if absolutely necessary). 


ijore ! 


"K" BREAKPOINT 

The "K" command is a tool to allow the programmer to step 
through his program a few steps at a time in order to 
inspect his program at these intermediate steps to see if 
the program is, indeed, operating as it was so carefully 
designed to do. To use the "K" command, first load the 
starting address of the program into memory locations $A048 
and $A049 using the "M" command. Next decide where you 
want the first breakpoint. Then type "K" followed by the 
four hex digits representing the address at which the 
breakpoint is to be inserted. After entering the fourth 
digit, SMARTBUG will jump to the location previously stored 
in $A048 and $A049 and execute the program until it encounters 
the breakpoint (if it ever does). When the breakpoint 
is encountered, SMARTBUG will display the contents of the 
registers in the same format as the "R" command. To continue 
the program at the point it was interrupted, simply type 
"G". To pick up at this point and continue to a second 
breakpoint, type "K" followed by a new breakpoint address. 

SMARTBUG uses the "SWI" {$3F) instruction to set a breakpoint; 
thus, a breakpoint may not be set in an area of Read-Only- 
Memory. SMARTBUG remembers the instruction stored in the 
breakpoint location and automatically restores that instruction 
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after encountering the breakpoint. If the program "gets 
lost" and the breakpoint is not encountered, the instruction 
will not be restored and will have to be manually restored 
by the user. 


"T" TRACE MODE 

Typing a "T" followed by a four digit hexadecimal address 
puts SMARTBUG in the single-step trace mode. This allows 
the user to step through a program in RAM one step at a 
time and to examine and change the registers after each 
step. Stepping to a ROM location will cause SMARTBUG to 
return to the regular command mode and prompt with an asterisk. 
After typing "T" followed by four hex digits, SMARTBUG 
will type the current contents of the registers followed 
by the specified address and the command to be executed at 
that address. No asterisk prompt character is issued which 
indicates that SMARTBUG is in the TRACE mode. Prior to 
executing the next instruction, the user may change the 
A, B, C or X registers with the A, B, C or X commands. 

When ready to execute the next instruction, hit the SPACE BAR. 
To return to the regular SMARTBUG mode, hit the carriage 
return. Following is the trace output from a very short 
program. 

MEMORY CONTENTS: 0100 86 

0101 43 
0102 BD 
0103 01 
0104 D1 
0105 86 
0106 55 
0107 3F 
OlDl 39 

*T 0100 

FO '33 00 E26E 0100 A049 

0100 86 43 

SPACEBAR 

FO 33 43 E26E 0102 A049 

0102 BD OlDl 

SPACEBAR 

FO 33 43 E26E OlDl A047 
OlDl 39 
B 33 48 
SPACEBAR 

FO 48 43 E26E 0105 A049 

0105 86 55 

SPACEBAR 

FO 48 55 E26E 0107 A049 

0107 3F 

SPACEBAR 

The format for the listing of the register contents is the 
same as in the "R" command. 



IRQ AND NMI 


If the system encounters an IRQ interrupt request, it will 
jump to the location contained in memory locations $A000 and 
$A001. An NMI interrupt will cause SMARTBUG to jump to the 
location contained in memory locations $A006 and $A007. If 
the user anticipates these types of interrupts, he should 
initialize these locations early in his program. Alternately, 
he can re-program the vector locations in SMARTBUG to go 
to permanent interrupt handling routines in his system. 


COMPATIBILITY WITH MIKBUG 


Every reasonable effort was made to keep the subroutines 
in SMARTBUG at the same beginning address locations as 
the functionally equivalent subroutines in MIKBUG so that 
programs written for MIKBUG would run in SMARTBUG without 
modification. As shown in the list below, all the locations 
of the most frequently used routines are maintained. 

THE FOLLOWING LABELS IN SMARTBUG ARE FUNCTIONALLY EQUIVALENT 


TO THOSE 

IN MIKBUG 

AND ARE 

LOCATED AT 

THE SAME 

ADDRESS LOCATIONS 

10 

POWDWN 

LOAD 

LOAD 3 

LOAD11 

LOAD15 

LOAD19 

LOAD21 

Cl 

BADDR 

BYTE 

OUTHL 

OUTHR 

OUTCH 

INCH 

PDATA2 

PDATAl 

‘CHANGE 

CHA51 

INHEX 

INIHG 

OUT 2H 

OUT2HA 

OUT4HS 

0UT2HS 

OUTS 

START 

CONTRL 

SFE 

INEEE 

OUTEEE 

lOV 

BEGA 

ENDA 

NIO 

SP 

XHI 

XLOW 

TEMP 

TW 

XTEMP 

STACK 


THE FOLLOWING LOCATIONS IN MIKBUG ARE NOT FOUND AT THE SAME 
LOCATIONS IN SMARTBUG AND THERE MAY BE NO FUNCTIONALLY 
EQUIVALENT LABEL IN SMARTBUG. 


PRINT 

C2 

MTAPEl 

PUNCH 

PUN 11 

PUN22 

PUN23 

PUN32 

PUNT2 

MCLOFF 

MCL 

SAV 

INI 

IN3 

lOUT 

OUTl 

I0UT2 

lOS 

DEL 

DE 

CKSM 

BYTECT 

MCONT 



LIMITED WARRANTEE 

Any purchaser of SMARTBUG who is not satisfied with its 
performance may return his copy within 10 days from date 
of purchase for a full refund. This warrantee is in lieu 
of all other warrantees express or implied. SMOKE SIGNAL 
BROADCASTING does not warrant the suitability of SMARTBUG 
for any particular user application and will not be responsible 
for damages incidental to its use in a user system. 
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LICENSE CONDITIONS 


Purchase of a P-38 series board which includes SMARTBUG or 
purchase of a SMARTBUG listing conveys to the purchaser a 
license to copy SMARTBUG for his own use, and not for sale 
or free distribution to others. No other license, express 
or implied, is conveyed. 


LIMERICK 


Mary had a little plane. 

She flew it high and brisk. 
Wasn't she a silly girl, 
her little * 


USER CONTRIBUTIONS 


Any user wishing to contribute program or limerick improvements 
should send them to: 

SMOKE SIGNAL BROADCASTING 
P.O. BOX 2017 
HOLLYWOOD, CA 90028 

We are particularly interested in extended monitor commands 
for possible inclusion in a future 2K or 4K monitor program. 
Worthwhile contributions will also be published in future 
newletters with credit to the author. 
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PAGE 001 SMARTBUG 


00100 


NAM SMARTBUG 


00120 

00130 

00150 

00160 8008 

00170 8009 

00180 EOOO 


• "SMARTBUG" - AN INTEaiGENT MONITOR 
» COPYRIGHT 1977 SMOKE SIGNAL BROADCASTING 


OPT 

ACIAS EQU 
ACIAD EQU 
ORG 


0,S 

$8008 

$8009 

$E000 




h '• 


00200 » 
00210 EOOO FE AOOO 10 
00220 E003 6E 00 


* I/O INTERRUPT SEQUENCE 
10 LDX lOV 
JMP X 


00240 » NMI SEQUENCE 

00250 E005 FE A006 POWDWN LDX NIO 

00260 E008 6E 00 JMP X 


GET NMI VECTOR 
GO TO NMI LOCATION 


00280 

00290 

00300 

00310 

00320 

00330 

00340 

00350 

00360 

00370 

00380 

00390 

00400 

00410 

00420 

00430 

00440 

00450 

00460 

00470 

00480 

00490 

00500 

00510 

00520 

00530 

00540 

00550 

00560 

00570 

00580 

00590 

00600 


EOOA 
EOOA 86 55 
EOOC B7 8008 
EOOF 86 11 
E011 8D 62 
E013 8D 63 
E015 81 53 
E017 26 FA 
E019 8D 5D 
E01B 81 39 
E01D 27 25 
E01F 81 31 
E021 26 FO 
E023 7F A06A 
E026 8D 2D 
E028 80 02 
E02A B7 A06B 

E02D 8D 18 

E02F 8D 24 
E031 7A A06B 
E034 27 05 
E036 A7 00 
E038 08 
E039 20 F4 
E03B 7C A06A 
E03E 27 D3 
E040 86 3F 
E042 8D 31 
E044 

E044 7E E0E3 


LOAD ASCII FORMATTED TAPE 


LOAD EQU » 

LDA A #$55 
STA A ACIAS 
LDA A l$11 
BSR OUTCH 
L0AD3 BSR INCH 
CMP A #’S 
BNE L0AD3 
BSR INCH 
CMP A #'9 
BEQ L0AD21 
CMP A #'1 
BNE L0AD3 
aR CKSM 
BSR BYTE 
SUB A #2 
STA A BYTECT 
» BUILD ADDRESS 

BSR BADDR 
• STORE DATA 
LOADII BSR BYTE 
DEC BYTECT 
BEQ L0AD15 
STA A X 
INX 

BRA LOADII 
L0AD15 INC CKSM 
BEQ L0AD3 
L0AD19 LDA A #’? 

BSR OUTCH 
L0AD21 EQU • 

Cl JMP CONTRL 


READER RELAY ON, ONE STOP BIT 


AC-30 READ CTRL 
GET CHARACTER 
IS IT AM "S" 

NO-LOOP TnX "S" POUND 
YES - GET NEXT CHARACTER 
IS IT A "9" 

YES - JUMP TO CONTROL 
IS IT A "1" 

NO - TRY AGAIN 
YES - ZERO CHECKSUM 
GET A BYTE 

READ THIS MANY BYTES 


READ NEXT BYTE 
DECREMENT BYTE COUNTER 
IF 0, GET NEXT LINE 
ELSE, STORE DATA 


FORM 2»S COMPLEMENT 
n SHOULD BE ZERO 
READ ERROR - PRINT 
QUESnOM MARK 


00620 • BUILD ADDRESS 

00630 E047 8D OC BADDR BSR BYTE 


READ 2 BYTES 
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OOMO E049 B7 AOOC 


STA A 

XHI 

AND RETURN FROM THIS 

00650 E04C 8D 07 


BSR 

BYTE 

SUBROUTINE WITH BOTH 

00660 E04E B7 AOOD 


STA A 

XLOW 

BYTES IN THE INDEX 

00670 £051 FE AOOC 


LDX 

XHI 

REGISTER. 

00680 E054 39 


RTS 



00700 

» INPUT BYTE 

(2 HEX CHARACTERS) 

00710 E055 8D 53 

BYTE 

BSR 

INHEX 

GET 1ST HEX CHAR 

00720 E057 48 


ASL A 



00730 E058 48 


ASL A 



00740 E059 48 


ASL A 



00750 E05A 48 


ASL A 



00760 E05B 16 


TAB 



00770 E05C 8D 4C 


BSR 

INHEX 

GET 2ND HEX CHAR 

00780 E05E IB 


ABA 



00790 E05F 16 


TAB 



00800 E060 FB A06A 


ADD B 

CKSM 

UPDATE CHECKSUM AMD 

00810 E063 F7 A06A 


STA B 

CKSM 

RETURN WITH BYTE IN 

00820 E066 39 


RTS 


A ACCUMULATOR 

00840 E067 44 

OUTHL 

LSR A 


OUT HEX LEFT BCD DIGIT 

00850 E068 44 


LSR A 



00860 E069 44 


LSR A 



00870 E06A 44 


LSR A 


• 

00890 E06B 84 OF 

OUTHR 

AND A 

#$F 

OUT HEX RIGHT BCD DIGIT 

00900 E06D 8B 30 


ADD A 

#$30 


00910 E06F 81 39 


CMP A 

#$39 


00920 E071 23 02 


BL5 

OUTCH 


00930 E073 8B 07 


ADD A 

#7 


00940 E075 7E E1D1 

OUTCH 

JMP 

OUTEEE 

OUTPUT A CHARACTER 

00950 E078 7E E1AC 

INCH 

JMP 

INEEE 

INPUT A CHARACTER 

00970 

• PRINT DATA POINTED 

TO BY INDEX REGISTER 

00980 E07B 8D F8 

PDATA2 BSR 

OUTCH 


00990 E07D 08 


INX 



01000 E07E A6 00 

PDATA1 

LDA A 

X 


01010 E080 81 04 


CMP A 

#4 

END OF STRING CHARACTER 

01020 E082 26 F7 


BNE 

PDATA2 

0 - '/a 0 

01030 E084 39 


RTS 



01050 

• CHANGE MEMORY 


01060 E085 8D CO 

CHANGE BSR 

BADDR 

GET MEMORY ADDRESS 

01070 E087 CE E3F1 

CHA51 

LDX 

#MCL 


01080 E08A 8D F2 


BSR 

PDATA1 

PRINT C/R L/F 

01090 E08C CE AOOC 


LDX 

#XHI 


01100 E08F 8D 37 


BSR 

0UT4HS 

PRINT ADDRESS 

OHIO E091 FE AOOC 


LDX 

XHI 


01120 E094 8D 34 


BSR 

0UT2HS 

PRINT OLD DATA 

01130 E096 FF AOOC 


STX 

XHI 


01140 E099 8D DD 


BSR 

INCH 

INPUT A CHARACTER 

01150 E09B 81 20, 


CMP A 

#$20 

IF IT’S A SPACE 

01160 E09D 27 E8 


BEQ 

CHA51 

GET NEXT ADDRESS 

01170 E09F 7E E3AD 


JMP 

TDEX 

ELSE - GO TO TDEX 
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01190 

E0A2 

A7 

00 

CHA61 

STA A 

X 

STORE NEW OATA 

01200 

E0A4 

A1 

00 


CMP A 

X 

BIO IT STORE CORRECTLY? 

01210 

E0A6 

27 

OF 


BEQ 


CHA51 

YES - GET NEXT ABBRESS 

01220 

E0A8 

20 

96 


BRA 


L0AO19 

NO - JUMP CONTROL 

01240 




» INPUT HEX CHARACTER 


01250 

EOAA 

80 

CC 

INHEX 

BSR 


INCH 


01260 

EOAC 

80 

30 


SUB 

A 

#$30 


01270 

EOAE 

2B 

94 


BMI 


Cl 

NOT HEX, JUMP CONTROL 

01280 

EOBO 

81 

09 


CMP 

A 

#9 


01290 

E0B2 

2F 

OA 


BLE 


IN1HG 


01300 

E0B4 

81 

11 


CMP 

A 

l$11 


01310 

E0B6 

2B 

8C 


BMI 


Cl 

NOT HEX 

01320 

E0B8 

81 

16 


CMP 

A 

#$16 


01330 

EOBA 

2E 

88 


BGT 


Cl 

NOT HEX 

01340 

EOBC 

80 

07 


SUB 

A 

#7 


01350 

EOBE 

39 


IN1HG 

RTS 




01370 

EOBF 

A6 

00 

0UT2H 

LOA 

A 

X 

OUTPUT 2 HEX CHAR 

01380 

E0C1 

80 

A4 

0UT2HA 

BSR 


OUTHL 

OUT LEFT HEX CHAR 

01390 

E0C3 

A6 

00 


LOA 

A 

X 


01400 

E0C5 

08 



INX 




01410 

E0C6 

20 

A3 


BRA 


OUTHR 

OUTPUT RIGHT HEX CHAR 

01430 

E0C8 

80 

F5 

0UT4HS BSR 


0UT2H 

OUTPUT 4 HEX CHAR ANB SPACE 

01440 

EOCA 

80 

F3 

0UT2HS BSR 


0UT2H 

OUTPUT 2 HEX CHAR ANB SPACE 

01450 

EOCC 

86 

20 

OUTS 

LOA 

A 

#$20 

OUTPUT SPACE 

01460 

EOCE 

20 

A5 


BRA 


OUTCH 


01480 




* POWER ON 

SEQUENCE 


01490 


EOOO 

START 

EQU 


• 


01500 

EODO 

8E A042 


LOS 


#STACK 


01510 

E0D3 

BF A008 


STS 


SP 


01520 

E0D6 

7F AOOB 


CLR 


ECHO 

ECHO Aa INPUT CHARACTERS ^ 

01530 

E0D9 

86 03*^ 


LOA 

A 

#3 

MASTER RESET OF ACIA ■— ] 

01540 

EODB 

B7 ^008 

STA 

A 

ACIAS 


01550 

EODE 

86 

15>^ 

INZ 

LOA 

A 

#$15 

SET UP FOR 1 STOP BIT — ^ 

01560 

EOEO 

B7 AOOA^IMZI 

STA 

A 

ACIAT 

/ 

01570 

E0E3 

B6 AOOA^CONTRL 

LOA 

A 

ACIAT 

Aaow FOR SOFTWARE CONTROL 

01580 

E0E6 

B7 8008 


STA 

A 

ACIAS 

OF ACIA CONTROL REGISTER 

01590 

E0E9 

8E A042 


LOS 


#STACK 

J 

01600 

EOEC 

7F A011 

V 

CLR 


TFUG 

TURN OFF TRACE MOOE 

01610 

EOEF 

CE E^O 


LOX 


#MCLOFF 


01620 

E0F2 

80 8A / 


BSR 


PDATA1 


01640 

E0F4 

80 82 


BSR 


INCH 

INPUT COIf^AND CHARACTER 

01650 

E0F6 

7F A014 


CLR 


BKFLG 

CLEAR BREAKPOINT INBICATOR 

01660 

E0F9 

16 



TAB 




01670 

EOFA 

80 00 


BSR 


OUTS 


01680 

EOFC 

CE E3C3 


LOX 


#FUrABL 

00 TABLE LOOKUP 

01690 

EOFF 

El 

00 

NXTCHR 

CMP 

B 

0,X 

FOR COMMANB FUNCTIONS 

01700 

E101 

27 OB 


BEQ 


GOOOCH 

MATOH FOUND 

01710 

E103 

08 



INX 



NO MATCH-INC TO NEXT COMMAND 

01720 

E104 

08 



INX 
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01730 

E105 

08 


INX 



01740 

E106 

8C 

E3F0 

CPX 

#TBLEND 

END OF COMMAND TABLE? 

01750 

E109 

26 

F4 

BNE 

NXTCHR 

NO - GET NEXT CHARACTER 

01760 

E10B 

7E 

E2D9 

JMP 

CKCBA 

YES - CHECK FOR A,B,C,X CMNDS 

01770 

E10E 

EE 

01 

GOODCH LDX 

1,X 

GET COMMAND LOCATION 

01780 

Elio 

6E 

00 

JMP 

0,X 

AND JUMP THERE 

01790 

E112 

01 


NOP 

KEEP SFE AT $E113 

01810 




» ENTER FROM 

SOFTWARE INTERRUPT 

01820 

E113 

BF 

A008 

SFE STS 

SP 

SAVE PROGRAM’S STACK POINTER 

01830 




» DECREMENT PROGRAM COUNTER 

01840 

E116 

30 


TSX 



01850 

E117 

6D 

06 

TST 

6,X 


01860 

E119 

26 

02 

BNE 

»+4 


01870 

E11B 

6A 

05 

DEC 

5,X 


01880 

E11D 

6A 

06 

DEC 

6,X 


01890 

E11F 

7D 

A011 

TST 

TFLAG 


01900 

E122 

27 

63 

BEQ 

PRNT 

IF TRACE IS OFF 

01910 

E124 

7E 

E38C 

JMP 

SWTURN 

IF TRACE IS ON 

01930 




» PUNCH - OUTPUT HEX FORMATTED TAPE 

01950 

E127 

8D 

74 

PUNCH BSR 

LIMHS 

GET LIMITS 

01960 

E129 

86 

12 

LDA A 

l$12 

AC-30 CONTRL* 

01970 

E12B 

BD 

E075 

JSR 

OUTCH 


01980 

E12E 

FE 

A002 

LDX 

BEGA 

THE "P" OOmAND JUMPS TO 

01990 

E131 

FF 

AOOF 

STX 

TW 

PUNCH AFTER USING THE LIMITS 

02000 

E134 

B6 

A005 

PUN11 LDA A 

ENDA-i-1 

SUBROUTINE TO ENTER THE 

02010 

E137 

BO 

A010 

SUB A 

TW+1 

START AND STOP ADDRESSES 

02020 

E13A 

F6 

A004 

LDA B 

ENDA 


02030 

E13D 

F2 

AOOF 

SBC B 

TW 


02040 

E140 

26 

04 

BNE 

PUN22 


02050 

E142 

81 

10 

CMP A 

#16 


02060 

E144 

25 

02 

BCS 

PUN23 


02070 

E146 

86 

OF 

PUN22 LDA A 

#15 


02080 

E148 

8B 

04 

PUN23 ADD A 

#4 


02090 

E14A 

B7 

A064 

STA A 

MCONT 

FRAME COUNT THIS RECORD 

02100 

E14D 

80 

03 

SUB A 

#3 


02110 

E14F 

B7 

AOOE 

STA A 

TEMP 

BYTE COUNT THIS RECORD 

02120 




» PUNCH C/R,L/F,NULL,S 

,1 

02130 

E152 

8D 

77 

BSR 

CRLF 


02140 

E154 

08 


INX 



02150 

E155 

8D 

77 

BSR 

PDAT1 


02160 

E157 

5F 


aR B 


ZERO CHECKSM 

02170 




* PUNCH FRAME COUNT 


02180 

E158 

CE 

A064 

LDX 

#MCONT 


02190 

E15B 

8D 

25 

BSR 

PUNT2 

PUNCH 2 HEX CHAR 

02200 




» PUNCH ADDRESS 


02210 

E15D 

CE 

AOOF 

LDX 

#TW 


02220 

E160 

8D 

20 

BSR 

PUNT2 


02230 

E162 

8D 

IE 

BSR 

PUNT2 

' 

02240 




• PUNCH DATA 



02250 

E164 

FE 

AOOF 

LDX 

TW 

PUNCH ONE BYTE 

02260 

E167 

8D 

19 

PUN32 BSR 

PUNT2 
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02270 E169 7A AOOE 

DEC 

TEMP 

DECREMENT ONE BYTE 

02280 E16C 26 F9 

BNE 

PUN32 


02290 E16E FF AOOF 

SIX 

TW 


02300 E171 53 

COM B 



02310 E172 37 

PSH B 



02320 E173 30 

TSX 



02330 E174 8D OC 

BSR 

PUNT2 

PUNCH CHECKSUM 

02340 E176 33 

PUL B 


RESTORE STACK 

02350 E177 FE AOOF 

LDX 

TW 


02360 E17A 09 

DEX 



02370 E17B BC A004 

CPX 

ENDA 


02380 E17E 26 B4 

BNE 

PUN11 


02390 E180 20 47 

BRA 

C3 

GO TO CONTROL 

02400 E182 EB 00 PUMT2 

ADD B 

X 


02410 E184 7E EOBF 

JMP 

0UT2H 


02420 E187 20 61 PRMT 

BRA 

PRINT 


02440 E189 8D 36 BKPMT 

BSR 

BAD2 

GET BREAKPOINT ADDRESS 

02450 E18B FF A068 

STX 

PB2 . 


02460 E18E A6 00 

LDA A 

X 

SAVE INSTRUCTION AND 

02470 E190 B7 A014 

STA A 

BKFLG 

SET BREAKPOINT FLAG 

02480 E193 86 3F 

LDA A 

#$3F 


02490 E195 A7 00 

STA A 

X 

SET BREAKPOINT 

02500 E197 8D 32 

BSR 

CRLF 


02510 E199 BE A008 CONTG 

LDS 

SP 

RESTORE PGM»S STACK POINTER 

02520 E19C 3B 

RTI 


GO TO USER'S PROGRAM 

02540 E19D 8D 22 LIMITS BSR 

BAD2 

GET FIRST ADDRESS 

02550 E19F FF A002 

STX 

BEGA 


02560 E1A2 8D 05 

BSR 

OUS 

OUTPUT A SPACE 

02570 E1A4 8D IB 

BSR 

BAD2 

GET SECOND ADDRESS 

02580 E1A6 FF A004 

STX 

ENDA 


02590 E1A9 7E EOCC OUS 

JMP 

OUTS 

OUTPUT A SPACE & RETURN 

02610 « INPUT ONE CHARACTER 

INTO A ACCUMULATOR 

02620 ElAC B6 8008 INEEE 

LDA A 

ACIAS 

TEST RECEIVE DATA REG FULL 

02630 E1AF 47 

ASR A 


FLAG AND LOOP TILL IT IS SET 

02640 E1B0 24 FA 

BCC 

INEEE 


02650 E1B2 B6 8009 

LDA A 

ACIAD 

GET DATA 

02660 E1B5 84 7F 

AND A 

#$7F 

ELIMINATE PARITY BIT 

02670 E1B7 81 7F 

CMP A 

#$7F 


02680 E1B9 27 FI 

BEQ 

INEEE 

IGNORE RUBOUTS 

02690 E1BB 7D AOOB 

TST 

ECHO" 

x 

02700 E1BE 2F 11 

BLE 

OUTEEE 


02710 E1C0 39 

RTS 



02730 E1C1 7E E047 BAD2 

JMP 

BADDR 

GET ADDRESS 

02750 E1C4 5F ECHON 

CLR B 


ECHO ALL INPUT CHARACTERS 

02760 E1C5 50 PRNTON 

N EG B 


TURN PRINTER ON 

02770 E1C6 F7 AOOB ECHOFF ^TA B 

ECHO 

DO NOT ECHO 

02780 E1C9 20 41 C3 

BRA 

C2 

GO TO CONTROL 

02800 E1CB CE E3A4 CRLF 

LDX 

#CRLFAS 

C/R L/F WITHOUT « PROMPT 
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02810 

E1CE 

7E 

E07E 

POATI 

JMP 


P0ATA1 

SIGNIFIES TRACE MOOE 

02830 




» OUTPUT ONE CHAEACTE 

:r from a-reg 

02840 

E1D1 

7D 

AOOB 

OUTEEE TST 


(ECHQ>> 

IF ECHO IS NEGATIVE, 

02850 

E1D4 

2C 

03 




'~OOfCH2 

GO TO PRINTER ROUTINE. 

02860 

E1D6 

7E 

A04A 


rjMP 


PRINTR 


02870 

E1D9 

37 


0UTCH2 PSH 

B 



02880 

E1DA 

F6 

8008 

0UTCH1 

LOA 

B 

ACIAS 

TEST TRANSMH BATA 

02890 

E1DD 

57 



ASR 

B 


REGISTER EMPTY FUG 

02900 

E1DE 

57 



ASR 

B 


ANB LOOP Tia SET 

02910 

E1DF 

24 

F9 


BCC 


ourcHi 


02920 

E1E1 

B7 

8009 


STA 

A 

ACIAO 

OUTPUT BATA TO ACIA 

02930 

E1E4 

33 



PUL 

B 


RESTORE B-REG 

02940 

E1E5 

39 



RTS 




02960 

E1E6 

8D 

09 

JUMP 

BSR 


BA02 

GET LOCATION OF JUMP 

02970 

E1E8 

6E 

00 


JMP 


X 

GO TO USER’S PROGRAM 

02990 




» PRINT CONTENTS OF STACK 

03000 

E1EA 

FE 

A008 

PRINT 

LOX 


SP 


03010 

E1ED 

08 



INX 




03020 

E1EE 

8D 

44 


BSR 


0UT2 

CONOITION COOES 

03030 

E1F0 

80 

42 


BSR 


0UT2 

B ACCUMULATOR 

03040 

E1F2 

80 

40 


BSR 


0UT2 

A ACCUMULATOR 

03050 

E1F4 

80 

3C 


BSR 


0UTT4 

INBEX REGISTER 

03060 

E1F6 

80 

3A 


BSR 


0UTT4 

PROGRAM COUNTER 

03070 

E1F8 

CE 

A008 


LOX 


#SP 


03080 

E1FB 

70 

A011 


TST 


TFLAG 


03090 

E1FE 

26 

21 


BNE 


PRINTS 

IF IN TRACE MOOE 

03100 

E200 

80 

30 


BSR 


0UTT4 

STACK POINTER 

03110 

E202 

B6 

A014 


LOA 

A 

BKFLG 

GET INSTR TO REPUCE BKPNT 

03120 

E205 

27 

05 


BEQ 


C2 

NO BREAKPOINT SET 

03130 

E207 

FE 

A068 


LOX 


PB2 


03140 

E20A 

A7 

00 


STA 

A 

X 

REPUCE BREAKPOINT 

03150 

E20C 

7E 

E0E3 

C2 

JMP 


CONTRL 


03170 

E20F 

80 

8C 

IFILL 

BSR 


LIMITS 

GET START & ENB ABDRESSES 

03180 

E211 

80 

7F 


BSR 


BYT 

GET BESIRED CONTENTS 

03190 

E213 

FE 

A002 


LOX 


BEGA 

1ST AODRESS TO INBEX REG 

03200 

E216 

09 



OEX 




03210 

E217 

08 


FILLOP INX 




03220 

E218 

A7 

00 


STA 

A 

X 

FILL MEMORY FROM A REG 

03230 

E21A 

BC 

A004 


CPX 


ENOA 


03240 

E21D 

26 

F8 


BNE 


FILLOP 

LOOP UNTIL BONE 

03250 

E21F 

20 

EB 

C5 

BRA 


C2 

GO TO CONTROL 

03270 

E221 

E6 

00 

PRINTS LOA 

B 

X 

WHEN IN TRACE MOOE 

03280 

E223 

A6 

01 


LOA 

A 

1,X 

BISPUY S-POINTER THAT 

03290 

E225 

8B 

07 


AOD 

A 

#7 

WILL BE USEB WHEN EXECUTING 

03300 

E227 

C9 

00 


AOC 

B 

#0 

TOE OISPLAYEO INSTRUCTION 

03310 

E229 

F7 

AOOE 


STA 

B 

TEMP 


03320 

E22C 

B7 

AOOF 


STA 

A 

TEMP+1 


03330 

E22F 

CE 

AOOE 


LOX 


#TEMP 


03340 

E232 

20 

63 

0UTT4 

BRA 


our4 
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03350 

E234 

7E 

EOCA 0UT2 

JMP 


0UT2HS 


03370 




» TRACE ROUTINE 


03380 

E237 

8D 

88 

TRACE 

BSR 


BAD2 

GET START ADDRESS OF TRACE 

03390 

E239 

8D 

90 


BSR 


CRLF 

AND SAVE IN XHI & XLOW 

03MOO 

E23B 

FE 

A008 


LDX 


SP 


03410 

E23E 

F6 

AOOC 


LDA 

B 

XHI 

PUT START ADDRESS IN 

03420 

E241 

E7 

06 


STA 

B 

6,X 

PROGRAM COUNTER POSITION 

03430 

E243 

B6 

AOOD 


LDA 

A 

XLOW 

IN STACK 

03440 

E246 

A7 

07 


STA 

A 

7,X 


03450 

E248 

7C 

A011 


INC 


TFUG 

SET TRACE FLAG 

03460 

E24B 

8E 

A060 RETURN LDS 


#TSTACK 

SEPARATE STACK FOR TRACE 

03470 

E24E 

8D 

9A 


BSR 


PRINT 

DISPLAY ALL REGISTERS 

03480 

E250 

7F 

A065 


CLR 


BFLAG 

CLEAR BRANCH FLAG 

03490 

E253 

FE 

A008 


LDX 


SP 


03500 

E256 

EE 

06 


LDX 


6,X 

GET PROGRAM COUNTER FROM STAC 

03510 

E258 

FF 

AOOC 


STX 


XHI 

AND SAVE IN XHI AND XLOW 

03520 

E25B 

BD 

E1CB 


JSR 


CRLF 


03530 

E25E 

CE 

AOOC 


LDX 


#XHI 


03540 

E261 

8D 

34 


BSR 


0UT4 

DISPLAY PROGRAM COUNTER 

03550 

E263 

FE 

AOOC 


LDX 


XHI 

AND FIRST BYTE OF 

03560 

E266 

E6 

00 


LDA 

B 

X 

INSTRUCTION 

03570 

E268 

8D 

CA 


BSR 


0UT2 


03580 

E26A 

A6 

00 


LDA 

A 

X 

STORE 2ND BYTE *0F INSTRUCTION 

03590 

E26C 

B7 

A068 


STA 

A 

PB2 

IN PB2 AND 3RD BYTE IN PB3 

03600 

E26F 

A6 

01 


LDA 

A 

1,X 

IF INSTRUCTION IS LONGER 

03610 

E271 

B7 

A069 


STA 

A 

PB3 

THAN ONE BYTE 

03620 

E274 

F7 

A067 


STA 

B 

PB1 


03630 

E277 

Cl 

8D 


CMP 

B 

#$8D 

BSR? TEST FOR SPECIAL CODES 

03640 

E279 

27 

12 


BEQ 


BBR 


03650 

E27B 

Cl 

8C 


CMP 

B 

#$8C 

CPX? 

03660 

E27D 

27 

25 


BEQ 


BYT3 


03670 

E27F 

Cl 

8E 


CMP 

B 

#$8E 

LDS? 

03680 

E281 

27 

21 


BEQ 


BYT3 


03690 

E283 

Cl 

CE 


CMP 

B 

#$CE 

LDX? 

03700 

E285 

27 

ID 


BEQ 


BYT3 


03710 

E287 

C4 

FO 


AND 

B 

#$F0 


03720 

E289 

Cl 

20 


CMP 

B 

#$20 

TEST FOR REUTIVE BRANCH 

03730 

E28B 

26 

OD 


BNE 


NOTB 

TYPE INSTRUCTIONS 

03740 

E28D 

7C 

A065 BBR 

INC 


BFLAG 

SET BRANCH FLAG 

03750 

E290 

20 

16 


BRA 


BYT2 

TWO BYTE INSTRUCTION 

03760 

E292 

7E 

E055 

BYT 

JMP 


BYTE 


03770 

E295 

20 

88 

C4 

BRA 


C5 

GO TO CONTROL 

03780 

E297 

7E 

E0C8 0UT4 

JMP 


Oin'4HS 


03790 

E29A 

Cl 

60 

NOTE 

CMP 

B 

#$60 

IS CODE LESS THAN 60? 

03800 

E29C 

25 

OC 


BCS 


BYT1 

YES - 1 BYTE INSTRUCTION 

03810 

E29E 

C4 

30 


AND 

B 

#$30 


03820 

E2A0 

Cl 

30 


CMP 

B 

#$30 


03830 

E2A2 

26 

04 


BNE 


BYT2 

ONLY 3 BYTE WILL FALL THRU 

03840 

E2A4 

8D 

FI 

BYT3 

BSR 


0UT4 

DISPLAY 2 BYTE OPERAND 

03850 

E2A6 

20 

02 


BRA 


BYT1 

■ 

03860 

E2A8 

8D 

8A 

BYT2 

BSR 


0UT2 

DISPLAY 1 BYTE OPERAND 

03870 

E2AA 

FF 

AOOC 

BYT1 

STX 


XHI 

SAVE LOCATION OF NEXT INSTR 

03880 




» XHI 

NOW CONTAINS NEXT INS LOCATION 
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03890 

E2AD 

7D 

A065 


TST 


03900 

E2B0 

27 

19 


BEQ 


03910 

E2B2 

4F 



CLR 

A 

03920 

E2B3 

F6 

A068 


LDA 

B 

03930 

E2B6 

2C 

02 


BGE 


03940 

E2B8 

86 

FF 


LDA 

A 

03950 

E2BA 

FB 

AOOD 

DPOS 

ADD 

B 

03960 

E2BD 

B9 

AOOC 


ADC 

A 

03970 

E2C0 

B7 

A061 


STA 

A 

03980 

E2C3 

F7 

A062 


STA 

B 

03990 

E2C6 

CE 

A061 


LDX 


04000 

E2C9 

8D 

CC 


BSR 


04010 

E2CB 

BD 

E1CB 

NOTBB 

JSR 


04020 

E2CE 

BD 

E1AC 


JSR 


04030 

E2D1 

16 



TAB 


04040 

E2D2 

BD 

EOCC 


JSR 


04050 

E2D5 

Cl 

20 


CMP 

B 

04060 

E2D7 

27 

35 


BEQ 


04070 

E2D9 

FE 

A008 

CKCBA 

LDX 


04080 

E2DC 

08 



INX 


04090 

E2DD 

Cl 

43 


CMP 

B 

04100 

E2DF 

27 

OA 


BEQ 


04110 

E2E1 

08 



INX 


04120 

E2E2 

Cl 

42 


CMP 

B 

04130 

E2E4 

27 

05 


BEQ 


04140 

E2E6 

08 



INX 


04150 

E2E7 

Cl 

41 


CMP 

B 

04160 

E2E9 

26 

OA 


BNE 


04170 

E2EB 

BD 

EOCA 

RDC 

JSR 


04180 

E2EE 

09 



DEX 


04190 

E2EF 

8D 

A1 


BSR 


04200 

E2F1 

A7 

00 


STA 

A 

04210 

E2F3 

20 

12 


BRA 


04220 

E2F5 

Cl 

58 

CHKX 

CMP 

B 

04230 

E2F7 

26 

9C 


BNE 


04240 

E2F9 

08 



INX 


04250 

E2FA 

8D 

9B 


BSR 


04260 

E2FC 

8D 

94 


BSR 


04270 

E2FE 

FE 

A008 


LDX 


04280 

E301 

A7 

04 


STA 

A 

04290 

E303 

8D 

8D 


BSR 


04300 

E305 

A7 

05 


STA 

A 

04310 

E307 

7D 

A011 

RETDID 

TST 


04320 

E30A 

26 

BF 


BNE 


04330 

E30C 

20 

87 

RETNOT BRA 


04340 

E30E 

C6 

3F 

DOT 

LDA 

B 

04350 

E310 

B6 

A067 


LDA 

A 

04360 

E313 

81 

8D 


CMP 

A 

04370 

E315 

26 

OB 


BNE 


04380 

E317 

FE 

A061 


LDX 


04390 

E31A 

FF 

AOOC 


STX 


04400 

E31D 

7F 

A065 


CLR 


04410 

E320 

20 

59 


BRA 


04420 

E322 

7D 

A065 

TSTB 

TST 



IS IT A BRANCH? 

NO 

YES, COMPUTE TARGET LOCATION 

TEST FOR BRANCH BACK 
FF FOR BACKWARD BRANCH 
ADD OPERAND TO LOWER 
8 BHS OF PROGRAM COUNTER 
SAVE TARGET ADDRESS 

DISPLAY TARGET ADDRESS 


GET COMMAND 
SAVE IN B REGISTER 

IF SPACE EXECUTE THE 
INSTRUCTION. IF NOT A 
SPACE, TEST FOR A CHANGE 
REGISTER COMMAND. NOTE, THIS 
PART OF MEMORY IS SHARED 
WHH THE CHANGE REGISTER 
COTflANDS WHEN NOT IN TRACE 
MODE. IF n IS A CHANGE 
REGISTER COMMAND WHILE IN 
TRACE MODE, RETURN TO 
NOTBB FOR NEXT COMMAND. 

DISPLAY REGISTER CONTENTS 
SAVED IN STACK 
GET NEW CONTENTS 
AND STORE IN STACK 


DISPLAY INDEX CONTENTS 
GET HIGH 8 BnS 

STORE IN STACK 
GET LOWER 8 BITS 
STORE 
IN TRACE? 

YES, GET NEXT TRACE CMD 
RETURN TO CONTROL 
SWI CODE TO B-REG 
GET INSTRUCnON 
IS IT A BSR? 

IF YES, NEXT INSTRUCTION 
WILL BE AT ADDRESS STORED 
IN BPOINT. 

ONLY ONE SWI NEED BE SET 
SET BKPOINT AND EXECUTE INST 
IS IT CONDITIONAL BRANCH? 


BFUG 

NOTBB 

PB2 

DPOS 

#$FF 

XLOW 

XHI 

BPOINT 

BPOINT+1 

IBPOINT 

OUT4 

CRLF 

INEEE 

OUTS 

#$20 

DOT 

SP 

#’C 

RDC 

#*B 

RDC 

#'A 

CHKX 

0UT2HS 

BYT 

X 

RETDID 

#’X 

C4 

0UT4 

BYT 

SP 

4, X 
BYT 

5, X 
TFLAG 
NOTBB 
C4 

#$3F 

PB1 

#$8D 

TSTB 

BPOINT 

XHI 

BFUG 

EXEC 

BFUG 
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04430 E325 27 OC 


BEQ 

TSTJ 

YES, SET BREAKPOINT AT 

04440 E327 FE A061 


LDX 

BPOINT 

TARGET ADDRESS IN CASE 

04450 E32A A6 00 


LDA A 

X 

PROGRAM GOES THERE. 

04460 E32C B7 A063 


STA A 

BPOINT+2 SAVE INSTRUCTION 

04470 E32F E7 00 


STA B 

X 

SET SWI AT TARGET ADDRESS 

04480 E331 20 48 


BRA 

EXEC 


04490 E333 81 6E 

TSTJ 

CMP A 

#$6E 

INDEXED JUMP INSTRUCTION? 

04500 E335 27 14 


BEQ 

ISX 


04510 E337 81 AD 


CMP A 

#$AD 

INDEXED JSR? 

04520 E339 27 10 


BEQ 

ISX 


04530 E33B 81 7E 


CMP A 

#$7E 

STRAIGHT JUMP? 

04540 E33D 27 04 


BEQ 

ISJ 


04550 E33F 81 BD 


CMP A 

#$BD 

STRAIGHT JSR? 

04560 E341 26 1C 


BNE 

NOTJ 


04570 E343 FE A068 

ISJ 

LDX 

PB2 

PUT NEXT INSTRUCTION 

04580 E346 FF AOOC 


STX 

XHI 

ADDRESS IN XHI & XLOW 

04590 E349 20 30 


BRA 

EXEC 


04600 E34B FE A008 

ISX 

LDX 

SP 

COMPUTE NEXT INST ADDRESS 

04610 E34E A6 05 


LDA A 

5,X 

FOR INDEXED JUMPS 

04620 E350 BB A068 


ADD A 

PB2 


04630 E353 B7 AOOD 


STA A 

XLOW 


04640 E356 A6 04 


LDA A 

4,X 


04650 E358 89 00 


ADC A 

#0 

• 

04660 E35A B7 AOOC 


STA A 

XHI 


04670 E35D 20 1C 


BRA 

EXEC 


04680 E35F FE A008 

NOTJ 

LDX 

SP 


04690 E362 81 39 


CMP A 

#$39 

IS INSTRUCTION AN RTS? 

04700 E364 26 04 


BNE 

NOTRTS 

NO 

04710 E366 EE 08 


LDX 

8,X 

YES, PUa RETURN ADDRESS 

04720 E368 20 06 


BRA 

EXR 

FROM STACK AND STORE IN 

04730 E36A 81 38 

NOTRTS CMP A 

#$38 

NEXT INSTRUCTION POINTER. 

04740 E36C 26 05 


BNE 

NOTRTI 


04750 E36E EE OD 


LDX 

13,X 


04760 E370 FF AOOC 

EXR 

STX 

XHI 


04770 E373 81 3F 

NOTRTI 

CMP A 

#$3F 

SWI? 

04780 E375 27 95 


BEQ 

RETNOT 

YES, RETURN TO CONTROL 

04790 E377 81 3E 


CMP A 

#$3E 

WAI? 

04800 E379 27 91 


BEQ 

RETNOT 

YES, RETURN TO CONTRX 

04810 E37B FE AOOC 

EXEC 

LDX 

XHI 

SET BREAKPOINT AT NEXT 

04820 E37E A6 00 


LDA A 

X 

INSTRUCTION LOCATION AND SAVE 

04830 E380 B7 A066 


STA A 

OPSAVE 

OP CODE. 

04840 E383 E7 00 


STA B 

X 

STORE SWI AT BREAKPOINT & 

04850 E385 El 00 


CMP B 

X 

VERIFY THAT IT’S WITHIN RAM 

04860 E387 26 83 


BNE 

RETNOT 

IF ROM, GO TO CONTROL 

04870 

« EXECUTE INSTRUCTION 


04880 E389 7E E199 


JMP 

CONTG 

RTI TO EXECUTE INSTRUCTION 

04900 

•RETURN HERE 

ON SWI IF TRACE FLAG ON 

04910 E38C FE AOOC 

SWTURN LDX 

XHI 


04920 E38F B6 A066 


LDA A 

OPSAVE 


04930 E392 A7 00 


STA A 

X 

REPLACE SWI’S WITH PREVIOUS 

04940 E394 7D A065 


TST 

BFLAG 

CONTENTS. IF BFLAG IS CLEAR, 

04950 E397 27 08 


BEQ 

DISPLY 

THEN ONLY ONE BREAKPOINT 

04960 E399 FE A061 


LDX 

BPOINT 

WAS SET. 
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04970 E39C B6 A063 LDA A 

04980 E39F A7 00 STA A 

04990 E3A1 7E E24B DISPLY JMP 

05010 E3A4 OD CRLFAS FCB 

E3A5 OA 
E3A6 00 
E3A7 00 
E3A8 00 
E3A9 04 
E3AA 53 
E3AB 31 
E3AC 04 


05030 E3AD 81 55 TDEX CMP A 

05040 E3AF 27 OA BEQ 

05050 E3B1 BD EOAC JSR 

05060 E3B4 BD E057 JSR 

05070 E3B7 09 DEX 

05080 E3B8 7E E0A2 JMP 

05090 E3BB 09 CHA71 DEX 
05100 E3BC 09 DEX 

05110 E3BD FF AOOC SIX 

05120 E3C0 7E E087 JMP 

05140 E3C3 FUTABL EQU 
05150 E3C3 4D FCC 

05160 E3C4 E085 FDB 

05170 E3C6 47 FCC 

05180 E3C7 El99 FDB 

05190 E3C9 52 FCC 

05200 E3CA E1EA FDB 

05210 E3CC 54 FCC 

05220 E3CD E237 FDB 

05230 E3CF 49 FCC 

05240 E3D0 E20F FDB 

05250 E3D2 4B FCC 

05260 E3D3 E189 FDB 

05270 E3D5 34 FCC 

05280 E3D6 E400 FDB 

05290 E3D8 4A FCC 

05300 E3D9 E1E6 ) FDB 

05310 E3DB 51 FCC 

05320 E3DC 8020 e704> FDB 

05330 E3DE 44 tw- FCC 

05340 E3DF 7283 FDB 

05350 E3E1 48 47 FCC 

05360 E3E2 E1C5 FDB 

05370 E3E4 4C FCC 

05380 E3E5 EOOA FDB 

05390 E3E7 50 FCC 

05400 E3E8 E127 FDB 

05410 E3EA 45 FCC 

05420 E3EB E1C4 FDB 


BPOINT+2 

X 

RETURN DISPLAY REGISTER STATUS 
$D,$A,0,0,0,4,»S,’1,4 


#»U IF IT'S A "U" 

CHA71 GET PREVIOUS ADDRESS 

INHEX+2 IF NOT HEX, JMP CONTROL 
BYTE+2 ELSE, GET NEW DATA 

CHA61 STORE NEW DATA 

GET PREVIOUS ADDRESS 

XHI 

CHA51 PRINT PREVIOUS ADDRESS 

» COWAND LOOKUP TABLE 

/M/ 

CHANGE MEMORY EXAMINE 
/G/ 

CONTG GO TO $A048 
/R/ 

PRINT PRINT REGISTERS 
/T/ 

TRACE TRACE ROUTINE 

/!/ 

IFILL MEMORY FILL 

/K/ 

BKPNT SET BREAKPOINT 

/4/ 

$E400 GO TO $E400 

/J/ 

JUMP JUMP TO ADDRESS ENTERED 

/Q/ 

$8020 QUICKSTART - BOOT DISC 

/D/ 

$7283 DISC WARMSTART 

/H/ 

PRNTON SET HARDCOPY FUG 

/L/ 

LOAD LOAD ASCII FORMATTED TAPE 

/?/ 

PUNCH PUNCH ASCII FORMATTED TAPE 

/E/ 

ECHON TURN INPUT ECHO ON 
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05430 E3ED 4E 


FCC 

/N/ 


05440 E3EE E1C6 


FDB 

ECHOFF 

TURN INPUT ECHO OFF 

05450 E3F0 

TBLEND EQU 

« 


05470 E3F0 13 

MCLOFF FCB 

$13 


05480 E3F1 OD 

MCL 

FCB 

$D.$A,$14.0,0 •«,4 

E3F2 OA 





E3F3 14 





E3F4 00 





E3F5 00 





E3F6 2A 





E3F7 04 





05500 E3F8 EOOO 


FDB 

10 

IRQ VECTOR 

05510 E3FA E113 


FDB 

SFE 

SWI VECTOR 

05520 E3FC E005 


FDB 

POWDWN 

NMI VECTOR 

05530 E3FE EODO 


FDB 

START 

RESET VECTOR 

05550 

» RAM STORAGE LOCATIONS 

05570 AOOO 


ORG 

$A000 


05580 AOOO 0002 

lOV 

RMB 

2 

I/O INTERRUPT POINTER 

05590 A002 0002 

BEGA 

RMB 

2 

BEGINNING ADDRESS 

05600 A004 0002 

ENDA 

RMB 

2 

ENDING ADDRESS 

05610 A006 0002 

NIO 

RMB 

2 

NMI INTERRUPT POINTER 

05620 A008 0002 

SP 

RMB 

2 

TARGET STACK POINTER 

05630 AOOA 0001 

ACIAT 

RMB 

1 

ACIA STATUS WORD 

05640 AOOB 0001 

ECHO 

RMB 

1 

ECHO FLAG 

05650 AOOC 0001 

XHI 

RMB 

1 

INDEX REG HI 

05660 AOOD 0001 

XLOW 

RMB 

1 

INDEX REG LOW 

05670 AOOE 0001 

TEMP 

RMB 

1 

TEMP 

05680 AOOF 0002 

TW 

RMB 

2 

TEMP 

05690 A011 0001 

TFLAG 

RMB 

1 

TRACE FLAG 

05700 A012 0002 

XTEMP 

RMB 

2 

X-REG TEMP STORAGE 

05710 A014 0001 

BKFLG 

RMB 

1 

BREAKPOINT FLAG 

05720 A015 002D 


RMB 

45 

SMARTBUG STACK 

05730 A042 0001 

STACK 

RMB 

1 

STACK POINTER 

05740 A043 001D 


RMB 

29 


05750 A060 0001 

TSTACK RMB 

1 

TRACE MODE STACK 

05760 A061 0003 

BPOINT RMB 

3 

BRANCH POINT ADDR 4 CODE 

05770 A064 0001 

MCONT 

RMB 

1 

TEMP 

05780 A065 0001 

BFUG 

RMB 

1 

BRANCH FLAG (TRACE) 

05790 A066 0001 

OPSAVE RMB 

1 

OPERAND (TRACE) 

05800 A067 0001 

PB1 

RMB 

1 

TRACE TEMP 

05810 A068 0001 

PB2 

RMB 

1 

TRACE TEMP 

05820 A069 0001 

PB3 

RMB 

1 

TRACE TEMP 

05830 A06A 0001 

CKSM 

RMB 

1 

CHECKSUM 

05840 A06B 0001 

BHECT RMB 

1 

BYTE COUNT 

05850 A04A 

PRINTR EQU 

$A04A 

USER PRINT ROUTINE 
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05870 

ACIAS 8008 
ACIAD 8009 
10 EOOO 
POWDWN E005 
LOAD EOOA 
LOADS E013 
L0AD11 E02F 
L0AD15 E03B 
L0AD19 E040 
L0AD21 E044 
Cl E044 
BADDR E047 
BYTE E055 
OUTHL E067 
OUTHR E06B 
OUTCH E075 
INCH E078 
PDATA2 E07B 
PDATA1 E07E 
CHANGE E085 
CHA51 E087 
CHA61 E0A2 
INHEX EOAA 
IN1HG EOBE 
0UT2H EOBF 
0UT2HA E0C1 
0UT4HS E0C8 
0UT2HS EOCA 
OUTS EOCC 
START EODO 
INZ EODE 
INZ1 EOEO 
CONTRL E0E3 
NXTCHR EOFF 
GOODCH E10E 
SFE E113 
PUNCH E127 
PUN11 E134 
PUN22 E146 
PUN23 E148 
PUN32 E167 
PUNT2 E182 
PRUT E187 
BKPNT E189 
CONTG E199 
LIMITS E19D 
OUS E1A9 
INEEE ElAC 
BAD2 E1C1 
ECHON E1C4 
PRNTON E1C5 
ECHOFF E1C6 
C3 E1C9 


END CRLF E1CB 

PDAT1 E1CE 
OUTEEE E1D1 
0UTCH2 E1D9 
0UTCH1 E1DA 
JUMP E1E6 
PRINT E1EA 
C2 E20C 
IFILL E20F 
FILLOP E217 
C5 E21F 
PRINTS E221 
0UTT4 E232 
0UT2 E234 
TRACE E237 
RETURN E24B 
BBR E28D 
BYT E292 
C4 E295 
0UT4 E297 
NOTB E29A 
BYTS E2A4 
BYT2 E2A8 
BYT1 E2AA 
DPOS E2BA 
NOTBB E2CB 
CKCBA E2D9 
RDC E2EB 
CHKX E2F5 
RETDID E307 
RETNOT E30C 
DOT E30E 
TSTB E322 
TSTJ E333 
ISJ E343 
ISX E34B 
NOTJ E35F 
NOTRTS E36A 
EXR E370 
NOTRTI E373 
EXEC E37B 
SWTURN E38C 
DISPLY E3A1 
CRLFAS E3A4 
TDEX E3AD 
CHA71 E3BB 
FUTABL E3C3 
TBLEND E3F0 
MCLOFF E3F0 
MCL E3F1 
lOV AOOO 
BEGA A002 
ENDA A004 
NIO A006 


SP A008 
ACIAT AOOA 
ECHO AOOB 
XHI AOOC 
XLOW AOOD 
TEMP AOOE 
TV AOOF 
TFLAG A011 
XTEMP A012 
BKFLG A014 
STACK A042 
TSTACK A060 
BPOINT A061 
MCONT A064 
BFLAG A065 
OPSAVE A066 
PB1 A067 
PB2 A068 
PB3 A069 
CKSM A06A 
BYTECT A06B 
PRINTR A04A 

TOTAL ERRORS 00000 


SWT Bug 
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SWTPC SWTBUG® (SWATBUG) MONITOR ROM 

One of the features of the SWTPC 6800 Computer System is that the conventional 
programmer's console has been replaced with a monitor ROM. The programmer's console 
consists of all the pretty switches and lights often found on similar microcomputers that are 
used to bootstrap the system after power up. The programmer's console not only raises the 
cost of the system, but more often than not is cbnfiising and tedious to use for both be¬ 
ginning and experienced programmers. The monitor ROM on the other hand is a permanent¬ 
ly stored program that gives the computer the intelligence required to communicate with 
the operator thru an interfaced terminal system immediately after power up without flip¬ 
ping switches for 10 minutes. This technique makes the computer do the work of simplify¬ 
ing communication between itself and the operator. 

SWTBUG ® is the name of the monitor program used in the SWTPC 6800 Computer 
System. It might be thought of as kind of a mini-operating system since it gives the operator 
command control over the computer system. 

Features of the SWTBUG®ROM include: 

* Memory Examine and Change 

* Program loading from cassette or paper tape thru the control interface or thru 
I/O port #0.' 

* Program saving to cassette or paper tape 

* Go to UMr program 

* Display contents of registers 

* Erase SWTPC CT-1024 terminal systefn screen 

* SWTPC MF-68 floppy disk boot 

* Byte search 

* Breakpoint debugging 

* Vectored hardware and software interrupts to user defined addresses 
SWTBUG® is a permanently stored program and cannot be erased or lost by either a 

loss of power or user program error. It is always resident in the computer while power is ON 
and need never be loaded into the machine. Subroutines within the ROM are documented 
and available to the user to simplify programming and conserve on the use of user RAM 
memory. Character input and output, string output and return to monitor are just a few 
subroutines available to the user. 

SWTBUG® is a IK byte program and is addressed high in memory, far above the 
amount of RAM memory required for most user programs. Since SWTBUG® does require 
a small amount of RAM memory for operation, a 128 byte scratchpad RAM has been im¬ 
plemented on the processor board so that no external user RAM memory is required for 
monitor operation. There is even enough extra room in this RAM so that short programs 
such as memory diagnostics can be loaded into and run from the scratchpad RAM without 
requiring any external user RAM memory. Extra care however must be exercised to avoid 
overstoring any memory locations required for proper monitor operation. Complete de¬ 
tails on this are given later in this writeup. The SWTBUG® ROM is located from memory 
addresses E000 thru E3FF. The scratchpad RAM is located from memory addresses AOI00 
thru A07F. Both components are physically located on the processor board and are func¬ 
tional any time the system is powered up. Whenever computer control is transfered from 
SWTBUG® to the user program, there are only four ways to get back into the SWTBUG® 
command mode. The first is to put a jump to the CONTRL entry point address within 
SWTBUG® as the last step of your program. The second is to incorporate a command or 
action within your program which transfers program control to the CONTRL entry point 
address within SWTBUG® . The third is to depress the front panel RESET button. The 
fourth is turn the computer OFF and then back ON again. The fourth method is rather 
drastic and wipes out all RAM memory data, it is only mentioned to let you know that the 
computer always powers up with the SWTBUG® monitor in the command mode. 
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SWTBUG® INSTALLATION 

SWTBUG® is a MOS device and MOS integrated circuits are susceptable to damage by 
static electricity. Although some degree of protection is provided internally within the in¬ 
tegrated circuits, their cost demands the utmost in care. Before opening and/or installing 
SWTBUG* you should ground your body and all metallic tools coming into contact with the 
leads, thru a 1M ohm % watt resistor. The ground must be an "earth" ground such as a 
water pipe, and not the circuit board ground. As for connection to your body, attach a clip 
lead to your watch or metal ID bracelet. Make absolutely sure that you have the resistor 
connected between you and the "earth" ground, otherwise you will be creating a dangerous 
shock hazard. Avoid touching the leads of the integrated circuits any more than necessary 
when installing it, even if you are grounded. Static electricity should be an important con¬ 
sideration in cold, dry environments. It is less of a problem when it is warm and humid. 

When using SWTBUG* with an MP-A processor card, one board change is necessary 
since SWTBUG® is a full IK ROM and MIKBUG®was a device. If this ROM is replacing 
MIKBUG®, remove MIKBUG® from its socket. On the back side of the MP-A board you 
will notice that pin 15 of IC-2 (ROM) is grounded. The land coming from pin 15 should be 
broken and a wire added as shown below. 


MP-A PROCESSOR BOARD 

BOTTOM ^ 

CUT THE TRACE CURRENTLY ^ 
GOING TO PIN 15 ^ 

ADD THIS JUMPER-^ 


Illillllli 




SWTBUG® should now be installed in the socket for IC-2. Be sure to orient the ROM cor¬ 
rectly when re-installing. The semicircle notch or dot should match with the MP-A board's 
component layout drawing. 

When installing SWTBUG® in the MP-A2 processor board no board modifications are 
necessary. Follow the instructions supplied with'the MP-A2 instruction set. 


SWTBUG® OPERATION 

The SWTBUG® firmware enables the computer to communicate with a terminal to per¬ 
form various programming and debugging functions. SWTBUG®will communicate with a ter¬ 
minal via either a MP-C control interface or MP-S ACIA serial interface on I/O port 1. An 
optional MP-C interface can be installed on I/O port 0 for punch and load functions. Al¬ 
though SWTBUG®is essentially compatible with MIKBUG ®, be sure to read the COMPATI¬ 
BILITY section before running any programs written for MIKBUG®. Below is a detailed 
description of each SWTBUG®command. 


RESET 

Upon receiving a RESET command, as during power up, SWTBUG® will initialize the 
system to receive commands from a terminal. When the RESET button is pushed, control 
will transfer to location E0D0 of SWTBUG®. The RESET button should be used for exiting 
loops or malfunctioning programs. After resetting, the computer should respond with a car¬ 
riage return, line feed and a $ sign. At this point, SWTBUG® is waiting for commands. If 
breakpoints are being used, the RESET function will not disable breakpoints. The BREAK¬ 
POINT function should be referenced for additional information. 
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MEMORY EXAMINE AND CHANGE M (addr) 

The Memory Examine and Chan^ friction can be used to enter machine code pro¬ 
grams and to display and/or change the contents of memory. The Memory Examine and 
Change function should be used as follows; 

1. ) Type M. The computer should echo the M and output a space. 

2. ) Type in the four digit hexadecimal address that you wish to examine and/or 

change. The computer should respond with a carriage return, line feed, $, the 
address and the data that is stored at this address. 

3. ) At this point the user has the option of advancing, either forward or backward, to 

the next memory location, or changing the data stored at the displayed address 
and advancing to the next location or of exiting the M function. 

a. ) To display the next sequential address and data, a line feed or any character 

other than 0123456789ABCDEF : ;t = >? or a space or a carriage return may 
be entered. Any leading spaces that are entered will be ignored by the 
memory change function. 

b. ) To display the next sequential address going backward from the present loca¬ 

tion, a T should be entered. 

c. ) To change the data stored at the displayed location, enter the new data, 

either with or without a leading space. If a non-hex value, such as a 3Q is en¬ 
tered the data will remain unchanged and the memory change function will be 
exited. If the data is unable to be changed (write protected memory, etc.) a ? 
will be output and the memory change function will be exited. 

d. ) To exit the Memory Examine and Change function, type a carriage return. 


Below is an example. The underlined parts are what was entered by the user. 


01 00 


MEMORY LOCBTION 0100 OPENED 

SOI 00 00 

• 

DISPLFlY NEXT LOCfiTION 

SOI 01 BD 


DISPLFlY NEXT LOCATION - SPACES IGNORED 

SOlOe 5D 

• 

DISPLAY NEXT LOCATION 

SOI 03 Cl 

TTi 

CHANGE CONTENTS TO 01 

SOI 04 C9 

C O 

CHANGE CONTENTS TO 23. SPACES IGNORED 

SOI 05 15 


READ PREVIOUS LOCATION 

SOI 04 33 


DISPLAY NEXT LOCATION 

SOI 05 15 
SM 01 05 
$”105 15 
SM EOOO 

30 

ENTER NON-HEX VALUE 

SI..ITEUG CONTROL RESUMED. OPEN NEI...I LOCATION 
EXIT BY HITTING CARRIAGE RETURN 

OPEN ANOTHER LOCATION 

SEOOO FE 

S 


ATTEMPTED TO CHANGE l..,IRITE PROTECTED MEMOR" 
SI...ITEUG CONTROL RESUMED 


REGISTER DUMP FUNCTION R 

^ The R command will display the current contents of the MPU's pushdown stack. "Cur¬ 
rent” means the status of data stored on the stack immediately before SWTBUG®control is 
resumed. The following is a typical register dump: 


SR 








The condition codes are as defined below; 


BIT NO. 

0 

1 

2 

3 

4 

5 


LABEL 

C 

V 

Z 

N 

I 

H 


CONDITION CODE 
Carry—borrow 
Overflow 
Zero 
Negative 
Interrupt mask 
Half carry 


In the above example the condition code of "3C" can be interpreted as follows: 


3Ci6 


0 0 


1 1 l i. 1 1 1 1 

BIT 7 BIT6 BITS 3,^3 BIT2 


0 0 


Below are two examples of how the R command works. Assume that this small pro¬ 
gram was entered to change certain registers. 


0100 

*0100 CE 

8E 

*0101 

12 

10 

*0102 

34 

00 

*0103 

86 

CE 

*0104 

00 

12 

*0105 

C6 

34 

*0106 

FF 

86 

*0107 

FD 

0 0 

*0108 

08 

C6 

*01 09 

C.O 

FF 

*01 OA 

67 

7E 

*01 OB 

F7 

EO 

*01 OC 

60 

E3 

*01 on 

AT TH] 

DD 

:s 1 

POINT 


LOfiDS STACK POINTER TO 1000 

LOflli INFiEK REGISTER WITH 1234 

LOAD ACCUNULATOR A WITH 00 
LOAIi ACCUMULATOR B WITH FF 
JUMP BACK TO SWTBUG CONTROL 

THE STATUS WILL NOT BE PUSHED ON THE 


STACK 
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J:R 

SFF DC FC 
SG 

<t'C' 

6EFD 

01 00 

B04e 

SFF DC FC 
SJ 0100 

•I" IZ* 

6EFD 

01 0 0 

B04c' 

•I'K 

SFF DC FC 

6EFD 

01 0 0 

B042 

SM 01 OB 
SOI OB 7E 
SOI OB EO 

3F 



SF9 FF 00 

•TO 

1R34 

01 OB 

0FF9 

$F9 FF 00 
•r 

1234 

01 OB 

0FF9 

:I;FF DC FC 

6EFD 

01 0 0 

B042 


REGISTER DUMP BEFORE RUNNING PRDGRfiM 


NOTE R DUMP THE SFiME BFTER RUNNING 


THE SFIME BFTER B JUMP 

BT THIS POINT THE JUMP TO SUITEUG CONTROL 
IS REPLBCED WITH B SWI. NOTE THE VBLUE 
OF THE REGISTERS BFTER THE NEXT DUMP. 


R DUMP GIVEN BY SWI 

DUMP SHOWS THE PROGRBM CHBNGES 

R DUMP BFTER B RESET 


In the above program you will notice that the register dump after running the program 
is the same as before even though the program contained statements that changed the pro¬ 
cessor's registers. The register dump did not reflect these changes because the new condi¬ 
tions were not pushed on the computer's stack. Note, however, the register dump did re¬ 
flect the change when the last instruction was a software interrupt—a SWI instruction will 
push the processor's status on the stack and then display the contents of the registers. 


CT-1024 CLEAR SCREEN COMMAND C 

The C command outputs a home-up {10i6) and an erase to end of frame (16i6) con¬ 
trol characters for the clearing of the screen on a SWTPC CT-1024 or equivalent terminal 
system. 

GO TO USER'S PROGRAM FUNCTION G ^ 

Upon entering a G command, SWTBUG will transfer control to the user's program by 
executing a RTI (return from interrupt) instruction. This effectively causes the computer to 
jump to the memory address stored in memory locations A(^48 and A049 in the SWTBUG® 
RAM. A048 contains the most significant byte and A049 the least significant byte of the 
memory address. If, for example, you wish to execute a program starting at 0100, change 
A048 to a 01 using the M function and change A049 to 00. Typing a G will then cause the 
computer to execute the program whose starting address is 0100. Upon entering a program 
using the G function, the stack pointer will be set at A049. The G function is also used to 
restart a program after a breakpoint has been moved. In this case A048 and A049 should 
not be changed. See the Breakpoint section for further information. 

JUMP TO USER'S PROGRAM J(addr) 

The J command will cause the computer to execute the program whose starting address 
is given in the entered address. The J command does not look at locations A048 and A049. 
The stack pointer will be set at A042 upon entering a program with a jump command. Ex¬ 
ample: J 0100. If a non-hex character is entered, SWTBUG® control will resume. 

ASCII TAPE PUNCH COMMAND P 

The P command provides a means for storing the contents of specified memory on 
either cassette or paper tape. Normal output from the computer during a punch is thru 
either an MP-C or MP-S serial interface on I/O port 1, but a MP-C interface on I/O 0 can be 
selected. (See the description of the O command.) To use the P command, the upper and 
lower limits of the range to be punched must first be stored in locations A002-A005 of the 
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SWTBUG® RAM. If you wanted to punch from addresses 0123 to 4567 (inclusive) you 
would use the memory examine and change functions to set computer memory as follows. 

A002->01 MOST SIGNIFICANT BYTE OF LOWER ADDRESS 

A003-»-23 LEAST SIGNIFICANT BYTE OF LOWER ADDRESS 

A004->45 MOST SIGNIFICANT BYTE OF UPPER ADDRESS 

A005->67 LEAST SIGNIFICANT BYTE OF LOWER ADDRESS 

Typing P would turn the punch on and output the specified memory data. A sample 
punch output is as follows: 


SM filOOS 


sFiooe 

02 

01 

MSB OF LOW ADDRESS 

Sfi003 

72 

00 

LSB OF LOW ADDRESS 

$R004 

EF 

01 

MSB OF HIGH ADDRESS 

:l:R005 

00 

20 

LSB OF LOW ADDRESS 

$R006 

SP 

5F 


TAPE PUNCH COMMAND 


SI 1301 008E1 000CFl£348600C6FF3FE0E3Dri005riB3 
S113 011 08 09 OE 0516 0F73fl8£ 01F5 0 0FFC7977IDIFE' 
S10401£000riR 
S 

SI 1301008E1000CE1834R600C8FF3FE0E3DD005DE8 


START OF BYTE COUNT BLOCK STARTING DATA CHECKSUM 

BLOCK CHARACTER (HEX) ADDRESS 

The SI at the start of the block is used to. tell the load routine that valid punch data 
follows. Each punch block must begin with the SI. The 13i6 is the number of bytes that 
follow in the block. In this case two bytes are required for the starting address of the block 
(01 and 00), 1016 bytes are required for the data (BE 10 00 CE 12 34 86 00 C6 FF 3F E0 
E3 DD 00 50) and one byte is required for the checksum {B2). The checksum is generated 
by adding the complement of the start of block address and the data, 8 bits at a time. At 
load-in time another checksum is generated by the load routine which must match with the 
one generated at punch time. 

As the punch begins a PUNCH ON (1210) control character will be output to the 
punch device. If a MP-C control interface is the selected interface, un-used lines on the PIA 
will be strobed to turn on the punch function of a SWTPC AC-30 or equivalent tape inter¬ 
face. (See the PIA Strobing section for more information.) When the punch is completed, a 
PUNCH OFF (14 i 6) control character will be output and another PIA line will be strobed. 
User control is then returned to SWTBUG®. To complete the tape making procedure you 
will have to enter the end of tape command described below. 


END OF TAPE COMMAND E 

The E command will punch the contents of the program counter (A048-A049) and an 
S9 to tape. The S9 is decoded by the load routine as an "end of tape" marker. For example, 
if you wish to save a program that resides from 0000 to 000F and whose starting address is 
0005, you would perform the following sequence- 


$M R002 
*R002 FC 

00 

SR 003 

3E 

00 

$R004 

RO 

00 

SR 005 

49 

OF 

SR 006 

4C 
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$M fl048 
$8048 01 00 

$8049 03 05 

$8048 F4 
$P 

S113 0 0 0 0 0805 010 01EF 083FF 01801B351B37 082443 
$E 

S1058 048 0 0 05 0DS9 
$ 

$ 

A048 and A049 are automatically transferred to A002-A005 and punched to tape by 
the E command. A short delay follows the S9 to allow clean load-ins on cassette tape. Ap¬ 
propriate punch on/off commands are automatically sent. 

TAPE LOADER FUNCTION L 

The L function is used to load either a MIKBUG® or SWTBUG formatted program 
from either paper or cassette tape. To use the L function, first set up the tape in the loading 
device and type L. As with the punch command, a Lfunction will load from an MP-S or MP- 
C on I/O port 1 or if selected a MP-C on I/O port 0. A READER ON (1 lie) control charac¬ 
ter is output at the beginning of the load and terminal echo is disabled. Again the PIA is 
strobed for use with a tape interface. When the S9 end of tape marker is read, control will 
return to SWTBUG® . If a checksum error is detected, a ? will be printed and control will re¬ 
turn to SWTBUG®. The load routine verifies that the data being loaded is actually stored in 
the correct memory locations. If, for some reason, a byte is not stored (bad memory, etc.) 
the computer will respond with a ?. To abort the load function the RESET switch can be 
pressed. Before attempting to load a SWTPC binary formatted tape, be sure to read the 
COMPATIBILITY section. 

OPTIONAL PORT COMMAND O (not zero) 

The O (not zero) command enables the user to load from or punch to a MP-C control 
interface plugged on to port 0. To use the O command, type O followed by the desired op¬ 
tion P, E or L (punch, end of tape or load). The same rules apply for using the P, E and L 
functions as described earlier. The O command will not support an ACIA type serial inter¬ 
face on port 0. 

NOTE: When using a MP-C interface on port 0, a RESET will not, automatically turn 
off the reader and punch as is done when installed on port 1. This makes it impossible to 
create or load a binary formatted tape from an MP-C interface installed on I/O port 0 using 
existing binary load and punch programs. 

SOFTWARE BREAKPOINTS B(addr) 

The B command enables the user to enter breakpoints (software interrupts) in a pro¬ 
gram for debugging purposes. Breakpoints enable a program to be stopped at any point for 
register examination, memory changing, etc. 

To use the breakpoint function, first load in your program and set up A048 and A049 
to the starting address of the program. Type B and then enter the address where you want 
to set the first breakpoint. SWTBUG®will store the data that was at this address and replace 
it with a 3F (software interrupt). Typing G for Go to User Program will start program exe¬ 
cution. When the program reaches the 3F, execution will stop and the processor's registers 
will be displayed. The B function can be used again to move the breakpoint to a new loca¬ 
tion—SWTBUG® automatically replaces the data at the old breakpoint location with the ori¬ 
ginal instruction. A G should be used to re-start the program— do not reset A048 and A049— 
SWTBUG®automatically pulls the restart location from the stack. To remove breakpoints, 
type B followed by a carriage return. Breakpoints should always be removed in this way 
after using the breakpoint function. If, while using breakpoints, the system is reset, the cor¬ 
rect location on the stack will be lost. After resetting, the program counter addresses (A048, 
A049) should be re-initialized to the beginning of the program and execution restarted. A 
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previously set breakpoint will remain and may be changed or removed as described earlier, 
if, when using the B command, a non-hex value is entered the previous breakpoint will be 
removed and SWTBUG®control will resume. 

There are several things that one must be aware of when using breakpoints to insure 
proper operation. 

1. ) The breakpoint function uses the same locations as do vectored software inter¬ 

rupts; therefore, vectored software interrupts should not be used with break¬ 
points. 

2. ) The SWI jump location, A012, will be set to E124 when breakpoints are not in 

use, as after power up, and will be set to E123 when breakpoints are in use. This 
location serves as a pointer to tell the computer what to do when a 3F is seen.The 
RESET button will not re-set this location to the non-breakpoint state. The 
breakpoint-activated state can only be exited by typing B followed by a carriage 
return. If you are using breakpoints in a program that "bombs out" and you hit 
the RESET switch, you must clear the present breakpoint before going on to 
another program. If this is not done before a new program is loaded in, the 
first time the B command is used one byte of the new program will be replaced 
by the stored byte from the last program. 

3. ) Do not set a breakpoint to an address where a breakpoint is already set. Doing so 

will cause the computer to lose the original program data. 

DO NOT THIS IS OK 

B1377 B1377 

G B0100 

B1377 B1377 

B carriage return 

4. ) The breakpoint routine uses SWTBUG RAM locations A014—A016; therefore, 

programs which use these three bytes should not be used in conjunction with 
breakpoints. 

DISK BOOT D 

SWTBUG®contains the boot necessary to initialize a SWTPC MF-68 disk system. Typing 
D will transfer control to the disk operating system, (if attached). If D (is accidentally typed 
with no disk attached, the reset button must be pressed. Since the disk boot contains no 
error detection, it may need to be typed more than once to do a boot. 

JUMPTO PROM PROGRAM Z 

Typing Z will transfer control to a program stored in PROM (if applicable) whose start¬ 
ing address is at C000. Typing Z is the equivalent of typing J C000. 

BYTE SEARCH F (high address) (low address) (byte) 

The F (find) command will search memory from the specified low address to the high 
address, inclusive, and will display all memory locations containing the byte specified. For 
example, to find all memory locations between 0100 and 0200 that contain BE, the fol¬ 
lowing command should be used:F 020001008E. Note that no spaces may be used between 
addresses and that the high address goes first. 

SF 020001008E 

If a non hex value is entered, SWTBUG control will resume. 


VECTORED SOFTWARE INTERRUPTS 

Normally when encountering a SWI (3F) instruction, the computer will display the 
processor's registers and SWTBUG®control will be resumed. If desired, the 3F command can 
be vectored to anywhere in memory, just like the NMI and IRQ interrupts. To use the vec¬ 
toring capability simply store the service routine address at location A012 - A013 in the 
SWTBUG® RAM. When a 3F is encountered, processor control will be transferred to the 
memory address stored in A012-A013. Note: each time the system is RESET, Adi 2 will be 
reset to the location of the register dump routine. This means that any program which uses 
vectored SWI's should set up this location each time it is executed. If the location you wish 
to vector to is 10D0, for example, the following statements at the beginning of the pro¬ 
gram will set up the vector correctly: 

LDX # $10D0 LOAD VECTOR ADDRESS 

STX $A012 STORE VECTOR 

Vectored software Interrupts should not be used in conjunction with breakpoints since 
the breakpoint routine uses locations A012 - A013. 

VECTORED INPUT/OUTPUT 

If desired, input and output can be vectored to a MP-S or MP-C interface on ports 
other than #1. LocationsA00A - A00B contains the port address that the subroutines INE- 
BE and OUTEEE use for inputting and outputting characters. To use vectored input/output 
ybur program must store the desired I/O address in A00A -A00B before any I/O is done. Be¬ 
low is a list of I/O address assignments for each port: 

PORT ADDRESS 

0 8000 

1 8004 

2 8008 

3 80PC 

4 8010 

5 8014 

6 8018 

7 801C 

The program statements that would set up the correct port would be as follows: 

LDX #$8018 I/O on port 6 

STX $A00A Store 

SWTBUG® will look at the port and will self-configure for either a MP-C or MP-S type 
interface. 

NOTE: Any time that SWTBUG*'s control sequence is initiated or when the RESET 
button is pushed, the I/O address will be reset to port if 1. Therefore complete SWTBUG® 
monitor control cannot be moved to another port. 

USING NON-MASKABLE INTERRUPTS 

Using non-maskable interrupts is very similar to using vectored software interrupts. A 
non-maskable interrupt will occur whenever the NMI line on the computer's bus is ground¬ 
ed either through hardware or by an ACIA or PIA. When the NMI is seen, processor control 
will be transferred to the location stored in A006 and A007. For example if an NMI service 
routine is desired at location 1000 the following statements should be used at the beginning 
of your program to set up the correct NMI jump address. 

LDX #$1000 

STX $A006 

USING MASKABLE (IRQ) INTERRUPTS 

Using regular maskable interrupts is the same as using non-maskable interrupts except 
that when the IRQ line is grounded processor control will jump to the address stored in 
A000 and A001. The computer will only respond to the interrupt if the processor's inter¬ 
rupt mask bit I is 0. A CLI instruction at the beginning of your program will insure this 
condition. .9. 




PIA iSTROBING 

Use of the Control Interface for Read/Punch—On/Off Decoding 

SWTBUG® software contains subroutines to send out pulses to unused pins of the PIA 
integrated circuit on the MP-C serial control Interface that can be used for automatic reader/ 
punch controls. These pulses can be used if you are using a SWTPC AC-30 cassette interface 
and a terminal in which access to the control command decoding is denied. 

If you intend to use the read/punch control logic output on the MP-C control interface 
board, make the following connections from the indicated pins of IC1 on the MP-C control 
interface board to the specified pins of a twelve pin male connector shell. The connector 
pinning shown below is correct for a SWTPC AC-30 cassette interface and will need modifi¬ 
cation for other units. Be sure to make the wires long enough to reach your AC-30 where 
the connector will be plugged. If you have access to your terminal's 16X baud rate clock, 
the terminal's clock bus should be broken and the 16X clock IN and OUT lines brought out 
to the same connector. 

MP-C ICI pin 7 (read on) 12 pin male shell female pin 1 

MP-C ICI pin 4 (punch'on) 12 pin male shell female pin 2 

MP-C ICI pin 6 (read off) 12 pin male shell female pin 3 

MP-C ICI pin 5 (punch off) 12 pin male shell female pin 4 

Terminal's 16X clock OUT 12 pin male shell female pin 5 

Terminal's 16X clock IN 12 pin male shell female pin 6 

MP-C ground 12 pin male shell female pin 12 

These signals are low going pulses and are about 15 microseconds wide. They are not 
buffered and should drive a maximum of only one standard TTL load. 

PIA strobing will work only on SWTBUG®'s L, P and E functions. Strobing is not 
supported in BASIC and some other SWTPC software. 

OPERATING THE MP-A2 PROCESSOR BOARD* 

AT BAUD RATES HIGHER THAN 1200 BAUD 
The MP-S Serial Interfaces available for the SWTPC 6800 Computer System are ca¬ 
pable of operating at baud rates up to 9600 baud. Although baud rate clocks for 110,150, 
300, 600 and 1200 baud are generated, buffered and fed onto the mother board by IC4 of 
the MP-A2 board, clocks for additional baud rates are also available from IC4 as well. The 
table below gives the baud rate and respective output pin number of IC4. 

BAUD RATE MP-A2 IC4 pin 


75 

9 

200 

6 

1800 

15 

2400 

3 

3600 

16 

4800 

2 

7200 

17 

9600 

1 


To use the selected clock, run an insulated jumper between the specified pin and pin 
13 of IC10 on the MP-A2 board. Run another insulated jumper between pin 12 of ICIO and 
either the UDl;;:o| UD2 bus connections points at the connector edge of the MP-A2 circuit 
board. ICIO isa low-power TTL buffer which roust be inserted between the baud rate clock 
generator and tHe r^bther board bus. Sinee user d^ihed lines UDl and UD2 are carried on 
just the 50-pin maip board bus and lines'^UDS iand U are carried on just the 30-pin inter¬ 
face board, it will Be necessary to jumper twb-cilitB? bUses together to provide the selected 
baud rate clockvon'the interface card bus. Each ^fial interface card to be operated with the 
selected buad rate clock will have to be jumpered so its clock is acquired from the selected 
user defined line rather than one of the five original baud rate clocks already present. 


-10- 




OPERATING THE MP-A PROCESSOR BOARD 
AT BAUD RATES HIGHER THAN 1200 BAUD 
When using the MP-S serial interface with an MP-A processor board, baud rate clocks 
for up to 9600 baud are available from the baud rate generator on the MP-A processor 
board. The table below shows the baud rates available and from which pin of IC4 on the 
MP-A board they are derived. These 16X baud rate clocks are best fed back to the interface 
boards via the user defined lines provided on the mother board. These baud rates of course 
are in addition to the 110,. 150,300,600 and 1200 baud rate clocks already provided on the 
mother board. 


BAUD RATE 
75 
200 
1800 
2400 
3600 
4800 
7200 
9600 


MP-A ICAPin 
9 
6 

15 
3 

16 
2 
17 

1 


COMPATIBILITY 

Although SWTBUG® has been written to be as compatible as possible with MIKBUG® 
and with software supplied by SWTPC, it can never be completely MIKBUG® compatible. 
All major subroutines of SWTBUG®are address and function compatible with MIKBUG®, 
but if you have a program that enters into the middle of a MIKBUG®routine for some rea¬ 
son, program modifications will be necessary. The following is a list of the MIKBUG®com¬ 
patible subroutines and strings along with their entry point addresses. 


E040 

LOAD 19 

E0C8 

OUT 4HS 

E047 

BADDR 

E0CA 

OUT2HS 

E055 

BYTE 

E0D0 

START 

E075 

DUTCH 

E0E3 

CONTRL 

E078 

INCH 

E19C 

MCLOFF 

E07B 

PDATA2 

E19D 

MCL 

E07E 

PDATA1 

E1AC 

INEEE 

E0BF 

OUT2H 

E1D1 

OUTEEE 


If any doubt exists as to the compatibility of a particular program, it should be disas¬ 
sembled and any references to memory locations E000 -El FF be verified. 

Since SWTBUG®is more complex than MIKBUG®, more RAM area must be used in the 
6810 SWTBUG® RAM. If vectored software interrupts and breakpoints are not being used, 
the area from A014 to A033 and from A04A to A07F can be used for small, temporary pro¬ 
grams such as memory diagnostics. Note that some programs written for MIKBUG® use 
locations A034 - A036-these locations are not available for use in SWTBUG® 

LOADING BINARY TAPES THRU SWTBUG® 

SWTBUG was written to accept the binary formatted tapes supplied by SWTPC. These 
tapes include 4K BASIC, 8K BASIC, CORES and DESEMBLER. When loading these tapes 
the following rules must be followed: ' 

1. ) The tape reading device (AC-30, etc.) must be locked in the read on mode during 

the binary load. 

2. ) Binary tapes must be loaded in thru port #1, the control port. The optional load 

from port 0 command is not supported in binary. You may load in ASCII however. 

3. ) When using a PIA type interface to load binary tapes, the unused lines used for 

reader/punch on/off strobing are not activated. 
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NOTE: This does not mean that SWTBUG is equipped with a binary loader—only cer¬ 
tain SWTPC binary tapes that contain a special binary loader (in ASCII) will work correctly. 

To load the tape simply follow the instructions given for loading an ASCII tape, but 
keep the reader locked on. 

SPECIAL NOTES ON USING AN ACIA AND PROGRAM MODIFICATIONS 
Many available 6800 programs written for MIKBUG® assume that a PIA' type MP-C 
control interface is being used and may address this port directly. When using an ACIA type 
interface, these references need to be changed. For example, some programs, such as BASIC 
and CO-RES, poll the PIA periodically to see if a character has been typed in. This is done 
in order to kick out of a loop or a print sequence. (BASIC uses CTL.C and CO-RES uses 
CTL.X.) The source statements that do this usually take the following form: 

B6 8004 LDA A PI AD LOAD A FROM DATA REG. 

28 03 BMI PRINT BRANCH IF NOT CHAR. SEEN 

7E XX XX JMP READY or RESTART 

PRINT REMAINDER OF SEQUENCE 

To change to a MP-S serial interface, this code can sometimes be replaced as follows; 

LDA A PIAD-> ASR A SEE IF CHAR. LOADED 

BMI PRINT-> BCSPRINT BRANCH IF CHAR. INPUT 

JMP READY 

PRINT REMAINDER OF SEQUENCE 

Before modifying any programs on your own, you should have a working knowledge of 
SWTBUG®'s ACIA input routine, ACIA op>eration, and your particular program. The follow¬ 
ing is a list of patches to some SWTPC supplied programs. 


BLKJAK — SWTPC 6800 Black Jack Program * 


LOCATION 

DATA 

0270 

7E 064A 

0647 

7E 026D 

064A 

B6 E008 

064D 

27 08 

064F 

B6 8004 

0652 

2B F3 

0654 

7E 0275 

0657 

B6 8004 

065A 

47 

065B 

24EA 

065D 

20 F5 


With the above modifications BLKJAK will be compatible with either an ACIA or PIA 
type interface. 

CO-RES Ver. 1.0 and 1.01 ACIA Modifications 


LOCATION 

DATA 

1682 

47 

1683 

24 02 

1685 

20 A0 


BASIC 8K and 4K up to an including Ver. 2.0 cannot be modified for ACIA operation. 
Later versions should be purchased. 
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GENERAL RULES FOR PROGRAM WRITING 


Although for a user program to be functional it need only work with the exact system 
it was written for, following a few simple rules reduces program modifications for 6800 sys¬ 
tems using other monitors. Following these rules will make your programs more profes¬ 
sional and versatile. Some general guidelines are as follows: 

1. ) Minimize the number of references made to the ROM. 

2. ) Do not use strange, in-between SWTBUG® addresses. Generally only the routines 

BADDR, BYTE, PDATA1, INHEX, OUT4HS, OUT2HS, CONTRL, INEEE and 

OUTEEE should be used. 

3. ) For large programs, vector I/O through a jump instruction for ease of change to 

match other I/O packages. Example: 


DON'T DO 
JSR^INEEE JSR^input; 

JSR INEEE JSR INPUT 

\ I 

JSR INEEE JSR INPUT 


INPUT: JMP INEEE 


4. ) Try not to use the SWTBUG® RAM any more than necessary. With the exception 

of using it as stack storage and memory diagnostics, there is no real reason to use 
the SWTBUG® RAM area. 

5. ) Define the stack area at the beginning of the program. Example: Start LDS^!^$ 

A^42. Relocating the stack location to A042 at the beginning of each of your 
programs will prevent you from having to reload the program counter addresses 
A048 and A049 each time you RESET and restart your program. 

6. ) Most programs should have a provision for exiting them without hitting the RE¬ 

SET button. A jump to CONTRL (7E E(3E3) instruction in your program will 
cause SWT BUG® control to resume when executed. 


MEMORY DIAGNOSTICS 

The earlier memory diagnostics ROBIT, MEMCON and CDAT supplied by SWTPC were 
compatible only with MIKBUG®. The new versions ROBIT 2, MEMCON 3 and CDAT 2 are 
compatible with both MIKBUG®and SWTBUG®. 

PROGRAM DESCRIPTION 

Although the source listing of SWTBUG®is well commented, the following subrou¬ 
tine by subroutine description should be of use to those who wish to gain the maximum ad¬ 
vantage of its routines. 

TEMPORARY STORAGE LOCATIONS 

IRQ (AOOO) This location is used by the standard IRQ interrupt request feature. When 
an interrupt is generated, processor control will jump to the location stored 
in IRQ. 

BEGA (A002) This location is where the beginning address is stored for the punch and end 
of tape routines. 

ENDA (A004) This location is where the ending address is stored for the punch and end 
of tape routines. It is also used by the byte search routine. 

NMI (A006) NMI is used by the non-maskable interrupt (NMI) function. When an NMI 
is generated, processor control will jump to the location stored in NMI. 
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SP (A008) Temporary storage location for the stack pointer. SP is used in the register 

dump subroutines and by the breakpoint function. 

© 

PORADD (A00A) This location contains the port address used for SWTBUG 's I/O routines. 

PORECH {A00C) This byte tells SWTBUG*'s input routines whether or not to echo. 

XHI (A0OD) Temporary index register storage used by numerous routines. 

XLOW (A00E) Temporary index register storage used by numerous routines. 

.XTEMP (A010) Temporary index register storage for input and output routines. 

SWIJMP (A012) When a SWI instruction is encountered, processor control will transfer to the 
location stored in SWIJMP. 

BKPT {A014) Temporary breakpoint address storage. 

BKLST (A016) Temporary data storage for the breakpoint routine. 

TW (A044) Temporary storage location for load/punch. 

TEMP (A046) Temporary storage location for punch and load. 

BYTECT (A047) Temporary storage location for load/punch. 

SWTBUG®SUBROUTINE AND TEXT STRING DESCRIPTION 

IRQV (E000) This is the entry point for regular IRQ interrupts. Processor control is given to 
the service routine whose address is stored in IRQ. 

JUMP (E005) This is the service routine for the J command. BADDR is used to input the 
address and a jump then occurs to the correct address. 

CURSOR (E009) Home-up and erase to end of frame characters for CT 1024. 

LOAD {E00C) Load is the ASCII loading routine. Load uses a number of other SWTBUG® 
subroutines. 

BADDR (E047) BADDR is a subroutine to input a 4-digit hexadecimal number, such as 137D, 
from the control terminal. BADDR uses the subroutines BYTE, INCH and IN¬ 
HEX and uses temporary storage locations XHI, XLOW, CKSM, both accumu¬ 
lators and the index register. When BADDR is called it will look for four hex 
numbers to be entered from the terminal. If a non-hex value, such as H, is en¬ 
tered, SWTBUG control will resume. If all characters entered are valid hex, 
the results will be stored in XHI, XLOW and the index register. Accumulator 
A will contain of XLOW. If 137D is entered the results will be as follows- 


ACC A 

7D 

ACCB 

CKSM 

IXR 

137 D 

XHI 

13 

XLOW 

7D . 


CKSM and ACC B are used internally to generate a check sum for the PUNCH 
routine. 
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BYTE (E055) BYTE is similar to BADDR, but inputs only two hex characters from the ter¬ 
minal to generate one 8-bit byte equivalent. BYTE uses the subroutines INHEX 
and INCH, temporary storage locations CKSM and both accumulators. If a non¬ 
hex value is entered, SWTBUG® control will resume. When BYTE is called as a 
subroutine, the computer will wait for two hex characters to be entered thru 
the control port. If a 3C is entered, the results will be as follows: 

ACC A 3C 

ACC B CKSM 

IXR UNCHANGED 

CKSM Prior CKSM + check sum generated inside 

BYTE 

OUTHL(E067) These subroutines are used by OUT2HS and OUT4HS to output hexadeci- 
OUTHR (E06B) mal numbers. 

OUTEEE, This is the character output routine used by PDATA1, OUT4HS, OUT2HS and 

DUTCH most programs written for SWTBUG®/MIKBUG®to output one character from 

OUTEE1 the computer to the control port (I/O #1). OUTEEE, DUTCH and OUTEE1 

(E1D1) are all functional equivalents—OUTEE1 is the main output routine with DUT¬ 

CH and OUTEEE being jumps to OUTEE1. When using this routine, OUTEEE 
(E1D1) sould be used to maintain compatibility with MI KBUG®systems. 

To use OUTEEE the character to be output should be placed in the A 
accumulator in its ASCI I form. To output the letter A on the control terminal, 
the following program could be used. 

LDA A# $41 

JSR OUTEEE 

The processor's registers are affected as follows. 

ACC A changed internally 

ACC B not affected 

IXR not affected 

OUTEEE is an 8-bit output routine and does not generate a parity bit. 

The locations are all functionally equivalent to SWTBUG 's character input 
routine. This routine will look for one character from the control terminal (I/O 
# 1) and store it in the A accumulator. Once called, INEEE will loop within it¬ 
self until a character has been input. Anytime input is desire, the call JSR IN¬ 
EEE should be used. 

INEEE automatically sets the 8th bit to 0 and does not check for parity. 
When using INEEE the processor's registers are affected as follows: 

ACC A loaded with the character input from the 

terminal 

ACC B not affected 

IXR not affected 

INCH8 (El F6) INCH8 is functionally the same as INEEE except that the 8th bit is not set to 
0. This subroutine should be used whenever full 8-bit input is desired, such as 
in binary loader programs. 

INHEX (E0AA) INHEX is the subroutine used by BYTE and BADDR that will input one hexa¬ 
decimal character from the control terminal. If a non-hex character is entered, 
SWTBUG® control will resume. If a hex character, such as an E is entered, the 
results will be as follows: 

ACC A 0E 

ACC B not affected 

IXR not affected 
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INCH, 
INEEE 1 
(E1AC) 




j5Pi®^14E07^*PDATA1 is the subroutine used to output a string of text on the control ter¬ 
minal. PDATA1 will start outputting data that is pointed to by the index re¬ 
gister and will continue until a 04 is seen. For example, if you wanted to print 
HELLO on the terminal the following could be used. 

ORG $100 

START LDX # TEXT 
JSR PDATA1 
JMP CONTRL 
TEXT FCB $0D, $0A 
FCC /HELLO/ 

FCB 4 
END 

The accumulator and register status after using PDATA1 is as follows: 

ACC A Changed during the operation 

ACC B UNCHANGED 

IXR Contains the memory location of the 04 

CHANGE (E088) CHANGE is SWTBUG®'s memory examine and change function. Change uses 
a number of other SWTBUG*subroutines. 

OUT4HS (E0C8) OUT4HS is used to output a four-digit (16-bit) hexadecimal number onto the 
control terminal. The address of the most significant byte to be output should 
be loaded into the index register before calling OUT4HS. For example, to out¬ 
put the 16-bit hex number stored in memory locations 1000 and 1001 whose 
most significant byte is in 1000 while the least significant byte is in 1001 the 
following sequence should be used: 

LDX # $1000 
JSR OUT4HS 

If location 1000 contained a hex 3C and 1001 contained a hex 0B, an 
ASCII, 3C0B would be displayed on the screen when OUT4HS is called. Re¬ 
member memory data is handled in hex but must be output as ASCII charact¬ 
ers which have a different hex value than those stored in the computer's 
memory. The registers are affected as follows: 

ACC A changed during the operation 

ACC B unchanged 

IXR Incremented by two. 

(1002 in this example) 

OUT2HS (E0CA) OUT2HS is similar to OUT4HS, but outputs only two hex characters (one 
byte). For example, to display the byte stored at 2000 the following sequence 
would be used: 

LDX #$2000 

JSR OUT2HS 

An ASCII 6C would be output to the control terminal if location 2000 

contained a hex 6C. The registers are affected as follows: 

ACC A changed in the operation 

ACC B unchanged 

IXR Incremented by one (2001 in this example) 

OUTS (E0CC) OUTS is a subroutine that outputs one space to the control terminal. 

START (E0D0) START is the beginning of a sequence of steps that initialize the system during 
power up or reset. First, the stack pointer is^et to be A042 and is stored in SP. 
Next, an FF is stored in location A043. This sets the interrupt mask bit in the 
stack so that when a G command is given the processor will not respond to 
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interrupts until told to do so. The type of port being used (ACIA or PIA) is 
then determine by initializing it as a PIA and looking to see if this worked. If 
not, an ACIA is assumed and the proper ACIA initialization routine, AL2, is 
selected. The program then goes to CONTRL sequence. 


CONTRL (E0E3) This MIKBUG*equivalent sequence again resets the stack to A042. PORECH is 
cleared to enable echo and the subroutine SAVGET is selected to get the cor¬ 
rect port number and type. Next, the routines PNCHOF and RDOFF generate 
punch and reader off commands. A carriage return, line feed, erase to end of 
line (15 i 6) and a $ is then output to the control terminal. At this point SWT- 
BUG®is ready for command input. 


SFE1 {E124) 

SFE1 is the entry point for non user-vectored software interrupt instructions. 

If vectored software interrupts are selected, a jump is executed to the proper 
location. If breakpoints are in use the stack pointer is not changed, the pro¬ 
cessor's registers are displayed and SWTBUG®is instructed to look for the next 
command. If neither breakpoints or vectored software interrupts are selected 
a register dump occurs and the CONTRL sequence is initiated. 


PRINT (E130) 

PRINT is the routine that actually does the dumping of the processor's regis¬ 
ters. 


LOOK{E173) 

LOOK is the routine that inputs a character from the terminal and jumps to 
the appropriate location in SWTBUG®if it is a valid command. 

- 

SFE (E18B) 

Entry point for software interrupt instructions. 


sg (Eig0) 

S and 9 string for the end of tape routine. 


MTAPE1 (E193) This is the character string containing a carriage return, line feed, erase to end 
of line, four nulls, a SI for tape control and 04 for PDATA1 control. 

MCL (E19D) This string contains a carriage return, line feed, three nulls, a $ and a 04 for 

PDATA1 control. 


E1A5 (E1A5) 

E1A5 is a special entry location which is used by the binary load routine on 
some SWTPC binary tapes. 


NMIV (E1A7) 

This routine fetches the correct jump location for a NMI. 


SEARCH (EIAE)Byte searching routine. 


GOTO (E1D0) 

GOTO contains the RTI instruction that is used by the G command to execute 
a user program. 


SAVGET (ElD3) This routine saves the index register in XTEMP and tests for the appropriate 
interface location and type. The index register is then loaded with the address 
of this interface. 


ISACIA (E1D9) 

ISACIA is the routine that sees if an ACIA or PIA is present. 


BILD (E1F3) 

BILD is a special sequence of increment stack pointer instructions used only 
by the binary loader on some SWTPC binary tapes. 


ACIAIN (E1FF) 

This is the ACIA input routine. PORECH is polled for the desired echo/don't 
condition. The character in the A accumulator is then output, the index regis- 

-17- 





ter and B accumulator restored and an RTS Instruction executed by the RES 
routine. 

ACIOUT (E212) This is the ACiA output routine which outputs the character in the A accumu¬ 
lator, and recovers the B accumulator and index register. 

INI (E223) INI is the PI A input routine which inputs a character from the control terminal 
and stores it in the A accumulator. The correct echo/non echo condition is 
selected and the B accumulator and index register are restored. 

lOUT (E240) lOUT is the PIA output routine which outputs the character In the A accumu¬ 
lator. 

OPTL (E269) OPTL is the senrice routine that sets up PORECH for I/O on port 0. The ap¬ 
propriate command P, E or L is then selected. 

PIAECH (E27D) This routine disables the echo on a PIA type Interface. 

PIAINI (E284) This routine is used to initialize PIA type interfaces. 

DELAY (E202) DELAY is a general purpose delay loop. If desired, the index register can be 
pre-loaded with a number other than FFFF for shorter delays. The entry point 
in this case is DELAY1 (E2C5). 

CLEAR (E2CC) This routine generates a home up, erase to end of frame command for SWTPC 
CT 1024 and similar terminal systems. 

BREAK (E2D9) BREAK is the routine that is used to enter software breakpoints. First, the ad¬ 
dress is input by BADDR. If breakpoints were previously in use the data is 
replaced at the previous breakpoint address and the new breakpoint is inserted. 

PNCHS9 {E31E) This routine selects A048 and A049 as the beginning and ending address for the 
punch routine and punches their contents. A S9 is then punched to tape fol¬ 
lowed by a short delay. 

RDON {E334) These subroutines are used to turn a reader/punch on and off. At the beginning 

RDOFF (E347) of each routine the A accumulator is loaded with the ASCII value of the par- 

PNCHON (E34D)ticular function that is normally decoded by a Teletype®or other terminal sys- 

PNCHOF (E353) tern. The B accumulator is then loaded with a special bit pattern that will cause 
a predetermined line to be toggled on PIA type interfaces. ACC A is then out¬ 
put using OUTEEE and if a PIA type interface is being used the proper PIA line 
is strobed by the STROBE routine. The proper line is determined by the con¬ 
tents of ACC B. The subroutine RDON also clears the location PORECH and 
re-configures PIA type interfaces to be sure that the echo function of the 
character input routine is disabled. Both accumulators and the index register 
are used and are not retained. 


ACC A 

ACCB 

FUNCTION 

11 

20 

Reader ON 

13 

10 

Reader OFF 

12 

04 

Punch ON 

14 

08 

Punch OFF 


STROBE (E357) This is the routine that actually generates the pulses on the un-used lines of a 
PIA type interface for reader/punch control. 

PUNCH {E376) PUNCH is the ASCII punching routine of SWTBUG®PUNCH consists of several 
parts and uses various SWTBUG®subroutines. 

TABLE (E3D1) This is the command table used by the lookup routine. The table is arranged in 
three byte blocks. The first byte is the ASCII value of the command. The next 
two bytes are the address of the routine that will service the command. 

SWTBUG is a registered trademark of Southwest Technical Products Corp. 

€> 

MIKBUG is a registered trademark of Motorola Inc. 

Teletvoe is a reaister«H traH«mark of Telo+wo* l^oro «■ 
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i CliPOR) contents of <flDDR> as 1/£» or 3 byte commend. <fl8SMP> 

C/r ends outputs any other steps fouard 

B <flDDR> Breakpoint inserted at <flDDR>. Breakpoint is remooed by reset 
or B without flDDR/ but not by execution of breakpoint. 

C <nDDRl> <RDDR2> <flDDR3> Copy memory from flDDRl-flDDR2 and place 

into memory beginning at flDDR3. DO NOT OVERLAP WHEN MOVING UP 

P Disc boot for 5 inch discs 

E Punch S9 at end of hex tape. 

F <RDDR1) <RDDR2> <BVTE1> <BVTE£> Find all address from HDDRl to flDDRE 

with the data bytes. . . BVTEl BVTE2i Print all addresses found 

G Load the stack pointer with fR042 and execute a return from 

interupt <starts execution from address stored at ♦0048-49) 

H <RDDR1> <RDDR2> Hex dump from RDDRl to RDDR2> 8 bytes per line 

I <RDDRl) <RDDR2) <BVTE) Insert BVTE from RDDRl thru flDDR2 

J <RDDR> <CCCC) Jump to <RDDR)^ CCCC causes SWI print and continue 

K Enable/disable display of control characters on video port. 

L Load hex format tape. 

M <RpDR) .Memory examine/change. Hex entry changes memory^ c/r returns 
to monitor^ "t" steps backwards "/“ rereads same^address^ 
any othar character steps foward^ memory error repeats. 

N Enable/disable echo of input data to port. <NO-ECHO) 

0 <C0UNT) Prompts for which port to be used <0-7^R^B) besides video. 

COUNT is optional/ if used it resets the 110 baud rate. 

P <RDDR1) <RDDR2) Punch memory from RDDRl to RDDR2 on hex tape. 

Q Quiets selected output port/ video display continues. 

R register dump: CC B fl IR PC SP Where PC is address of "3F'' 

8 CRDDRl) <RDDR2) Punch memory from RDDRl to RDDR2 on binary tape. 

T Begin operation as video terminal. <exit by reset only) 

P Upper/Lower case flag, reverses sense of letters only <TTV) 

y .<RDDR1) <RDDR2) <BVTE) Verify memory between RDDRl and RDDR2 con¬ 
tains BVTE. Prints addresses in error. 

H Warm start for FLEX. Jump to $7163 

X Expansion functions. Jump to ♦EFFS 

y. Binary load. RCIfl accepts 8 data bits ■*'’ 1 stop bit. 

' tr 

Z Jump to SC000^ begin execution. 

NOTE: Rll command lines are terminated by a carrage return. 
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«‘«»C ^00 jGOMPUTER NEWSLETTER 

^ ■ ,' 

fiMest Technical Products Corporation 
ZI5 W, Rhapsody 
San Antonio, Tex, 78216: 


INTRODUCTION 

As had been promised to our 68OO Computer 
System owners, this is the first copy of our 
SIftPC 6800 News'letter. ft is our Intantion 
in this newsletter to bring all of our cust- 
omrs up to ^ate -on the 'ava i 1 ab i 1 i ty of both 
hardware andasoftware for the SWTPC 6800 
Coa^put«r'^System, -if you do not already have 
a S\/TPC 6800 recomputer System or CT-1024 Ter¬ 
minal System and'Mould like some information 
on them, drop us a card requesting the same 
and we will send you "a brochure. This news¬ 
letter is being sent free of charge to all 
of our SWTPC 6800 Computer System owners, 
coaputer hobbyist clubs and selected pubiica- 
ttons. Until further notice it is being 
«eiit free of charge at an interval dependent 
the amount of information we have com- 
I and the time we have to edit and print 
«.ne same. We would Like to urge each of our 
readers to keep-ijs infarmed of-6800 hardware 
and software^which would be of interest to the 
other SSTrt WCiO userSr We will do our best to 
share this'inforraation with all SWTPC owners 
thru tl^ newsletter. Game programs are of 
special interest to most of the SWTPC 68OO 
owners. 

SWTPC»S ATTITUDE ON SOFTWARE 

Unlike some of our competitors, we at 
SWTPC have realized for some time that you 
can't profitably sell software to hobbyists. 

Of course, you can always sell a few copies, 
but before you know it there will be five to 
ten copies in existence for every one sold. 

The best alternative as we see it is to ab¬ 
sorb the cost of the software within the 
selling price of the computer itself and 
only charge that amount necessary to cover 
the expense of program duplication and han- 
and that's just what we've done, 
of the programs available from SWTPC 
>roprletary. Where available, you may 
wither purchase a tape and instruction man¬ 
ual from us or copy them from a friend. We 
don* t care. 
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We encourage program writing and will 
do our best to offer on tape or print act¬ 
ual listings of outstanding programs sub¬ 
mitted to us within future Issues of our 
6800 Computer Newsletter. We will also ack¬ 
nowledge worthy outside sources of 68OO 
software when brought to our attention, so 
keep us informed. 

WHO'S WRITING PROGRAMS? 

If you are an enthusiastic programmer, 
and are looking for some interesting projects 
to work on, the following would be of great 
interest to SWTPC 68OO Computer System own¬ 
ers : 

1. An elaborate Spacewar/Startrek program 
using the CT-1024 Terminal System and/or 
the GT-61 Graphics-Terminal. 

2. A twelve or twenty-four hour digital 
clock program with the time displayed 

- on the CT-1024 Terminal System or the 
GT-61 Graphics,Terminal. 

3. A HP-65 type programmable calculator 
program using the CT-1024 Terminal 
System or teletypewriter for 1/0. 

4. A chess program using either the GT-61 
or the CT-1024 Terminal System for dis¬ 
play and 1/0. 

SWTPC'S LETTER TO COMPUTER HOBBYISTS CLUBS 

One of the ways we at SWTPC are able to 
find out what's going on in the hobbyist 
computer world is to read what few hobbyist 
club newsletters we receive. It is from these 
newsletters that we can see new hardware and 
software developments, what equipment you 
are using, what problems you're having, and 
what products you would like to see. It is 
with this data that we are better able to 
conceive and design computer related prod¬ 
ucts for vou, the potential customer. 
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It will be our policy to give priority 
to conqMiter hobbyists clubs for all forth- 
viiifng computer related new product releases 
•nd Newsletters. We in return would like to 
<Mti that those clubs already sending us 
their newsletters please continue to do so 
and those not sending it, consider us. They 
are well read and greatly appreciated by 
Um technical staff at SWTPC. Just for the 
record, the AC-30 Cassette Interface, PR-itO 
Alphanumeric Printer and GT-61 Graphics Ter- 
iRnal described within the SWTPC Computer 
Peripherals Brochure were first announced 
and demo n strated at'the May IS, 1976 meeting 
of The Computer Hobbyist Group of North Texas. 


OPTIONAL BAUD RATE KIT FOR THE CT-1024 


We now offer the optional baud rate kit 
for the CT-S Serial Interface on our CT-102i» 
Terminal System for those of you that do not 
already have this option installed. With 
the kit the terminal is operable at 110, ISO, 
300, 600 and 1200 baud. This baud rate 
option will be necessary if you will be using 
the AC-30 Audio Cassette interface described 
In this newsletter since it is operable at 
300 baud only. The kit includes the crystal. 
Integrated circuits, and other components 
necessary to update the board. It is called 
a CT-SO and sells for $|I».7S ppd. in the US. 


INFORMATION ON MICROCOMPUTERS 

For those of you who want to learn more 
about microcomputer hardware and software, 
you would do well to get yourself a subscr¬ 
iption to BYTE magazine. This Magazine is 
written for the hobbyist and has articles 
for both the beginner and the expert. Sub¬ 
scriptions are $12 a year and you probably 
won't have any luck finding a copy at a ncws- 
tand. 


BYTE Magazine 
70 Main St. 

• Peterborough, N.H. 031*58 

An excellent paperback book called "An 
Introduction to Microcomputers" is available 
for those individuals wishing to learn about 
microcomputers and their associated micro¬ 
processor chips. You can order a copy from: 

Osborne S Associates, Inc. 

2950 Seventh St. 

Berkeley, Ca. 9^710 
(415) 548-2805 


The price is $7.50. 

SWTPC 6800 220 VAC OPERATION 


OPERATING THE SWTPC 6800 AT HIGHER BAUD RATES 

When using optional MP-S serial inter¬ 
faces with the computer system, baud rate 
clocks for up to 9600 baud are available 
from the baud rate generator on the MP-A 
Mlcroprocessor/System board. The table below 
shows the baud rates available and from which 
pin of IG4 on the MP-A microprocessor/System 
board they are derived. These 16X baud rate 
clocks are best fed back to the interface 
boards via the user defined lines provided on tl 
mother board. These baud rates of course are i 
addition to the 110, 150, 300, 600, 1200 
baud clocks already provided on the mother 
board. 


, The SWTPC 6800 Computer System Trans¬ 
former may be wired for either 110 or 220 
VAC operation. To wire for 220 VAC operation, 
connect the BLACK transformer wire and the 
YELLOW/BROWN transformer wire together. 

Solder and insulate. The BROWN transformer 
lead should now be connected to TS-1 A and 
the RED/BLACK transformer lead should be 
connected to F3 B of the computer. 


BAUD RATE MP-A IC4 PIN § 


75 

9 

200 

6 

1800 

15 

2400 

3 

3600 

16 

4800 

2 

7200 

17 

9600 

1 
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"AVrcom, Inc. 

Itoffte 

Onion, N.H. 03887 
603 ) 473-2323 

rdRerIcan Microprocessors 
Ecfiitpinent & Supply (k>rp. 

241 Indian Creek Rd. 

Prairie View, II. 60069 
(312) 634-0076 

Atlanta Computer Hart 
5091 -B Buford Highway 
Atlanta, Ga. 30340 
(404) 455-0647 

Audio Design Electronics 
487 Broadway, Room 512 
New York, N.Y. 10013 

( 212 ) 226-2038 

A-VIO Electronics Co. 

1655 East 28th St. 

Long Beach, Ca. 90806 

(213) 426-5526 

Baxter's T.V. 

7964 Jefferson Hwy. 

!ton Rouge, La. 70809 
504) 924-5303 

The Byte Shop Computer Store #1 
1063 El Camino Real 
Mountain View, Ca. 94040 
(415) 969-5464 

The Byte Shop Computer Store #2 
3400 El Camino Real 
Santa Clara, Ca. 95051 
(408) 249-4221 

Computer Assoc., Inc. 

6900 N. Kendall Dr., Suite A103 
Miami, FI. 33156 

The Computer Center 
8205 Ronson Rd. 

San Diego, Ca. 92111 
(714) 292-5302 

Computer Mart of New York, Inc. 
314 Fifth Ave. 

New York, N.Y. 10001 
^212) 279-1048 

omputer Resources 
Chaussee de Charleroi, 80 
1060 Brussels, Belgium 


The Comouter Room 

1455 South 1100 East . 

Salt Lake City, Ut. 84105 >- 
(801) 466-7911 ''' 

The Computer Store 

820 Broadway 

Santa Monica, Ca. 90401 

( 213 ) 451-0713 

Computer Store of San Francisco 
1093 Mission St. 

San Francisco, Ca. 94103 
(415) 431-0640 

Computerware 
830 First St. 

Encinitas, Ca. 92024 
(714) 436-3512 

Comouter Warehouse Store 
584 Commonwealth Ave.. 

Boston, Ma. 02215 
(617) 261-2701 

The Comouter Workshop, Inc. 

5709 Fredrick Ave. 

Rockville, Md. 20852 
(301) 468-0455 

Control Concepts 
P. 0. Box 111 

Needham Heights, Ma. 02194 
Cyberdux 

Microcomputer Applications 
1210 Santa Fe Dr. 

Encinitas, Ca. 92024 
(714) 279-4189 

Cybertronics 
312 Production Ct. 

Louisville, Ky. 40299 
(502) 499-1551 

The Data Domain 
111 S. Col lege Ave. 

Bloomington, In. 47401 
(812) 334-3607 

ELS Systems 
2209 N. Taylor Rd. 

Cleveland Heights, Oh. 44112 

( 216 ) 249-7820 

The Electric Brain Computer Store 
7000 Village Parkway, Suite L 
Dubl in, Ca94566 
(415) 828-7480 
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J^lectrohlcs for Yachting, I he. 

2001 S.W. 20th St. ‘ . : / 

Ft. Lauderdale.„FJ. 33^15 ! ' 

The €iitir>^honc Co., Ltd. 

172 I field hd. 

London SW 10 9AG, England 
01-373-8571 

Johnson T.V.., Inc. 

2607 E. cWrteMtbn 
Eas Vegas, Nv. SSIOA 
(702) 382-5553 

Marsh Data Systems 
5405-B Southern Comfort Blvd. 

Tampa, FI. 3361A 

(819) 886-9890 

Martin J. O'Boyle & Assoc. 

P. O. Box 909^ 

Pittsburgh, Pa. 1522lf 
(J|12) 361-1602 

the Micro Store 
634 S. Central Expres^ay 
Richardson, Tx. 75080 

(211|) 231-4088 

Microcomputer Systems, Inc. 

144 S. Dale Mabry Ave. 

Taaq>a, FI. 33609 
(813) 879-4301“ ' 

Midwest Enterprises, Inc. 

815 Standish Ave. 

Westfield, N.J. 07090 

(201) 233-7090 

MldtMSt Scientific Instruments, Inc. 
220 W. Cedar 
Olathe, Ks. 66 O 6 I 
( 913 ) 764-3273 

The Milwaukee Computer Store 
6916 W. North Ave. 

Milwaukee, Wi. 53213 
(414) 259-9140 

9 

Printing & Office Supply Co. 
of Texas, Inc. 

130 One Shell Plaza 
Owston, Tx. 77002 

(713) 228-8966 


'detail Comouter Store 
410 N.E. 72nd St. 

Seattle, Wa. 98115 , fl-if 

( 206 ) 524-4101 ■ 8C0 H. r< . r cj ■ nU 

SOS Technical Devices, Ltd. 

1138 Main St. ft • v;v. 

Winnipeg, Man. R2W 3^3 Canada .ii‘ . 

(204) 589-4803 o« 

Synchro-Sound Enterprises 
193-25 Jamaica 
Hollis, N.Y. 11423 '^" 

. •. w'* 0 ‘ ^ ■ 1 

Waco Trading Co., lncr."“C. 1 . 

239 Park Avenue South ' C? 

New York, N.Y. 10003 

(212) 674-0470 ■''* • ■ - ; 

S’ ! ? 'OC. ^ ■- N't * 

William Electronics ^Supply ' 

1863 Woodbridge Ave-. * ' 

Edison, N.J. O 88 I 7 

(201) 985-3700 


■- ■’•r . C: cC 

• 65- 
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SWTPC 6800 Tic-Tac-Toe Ifodifications 


The following patches should be made to the TICTAC-1 program supplied 
with the System Documentation Notebook to make the skill changing part of the 
program work correctly: 


Location 

New Data 

Location 

New Data 

0087 

00 

0254 

4B 

0088 

00 

■ 0255 

49 

0089 

53 

0256 

4C 

008A 

4B - 

0257 

4C 

008B 

49 

0258 

3A 

008C 

4G 

0259 

20 

008D 

4C 

025A 

30 

008E 

3D 

025B 

2D 

008F 

39 

025C 

4C 

0090 

20 

025D 

4F 

0091 

04 

025E 

57 



025F 

2C 

0246 

10 

0260 

20 

0247 

16 

0261 

54 

0248 

00 

0262 

4F 

0249 

00 

0263 

20 

024A 

54 

0264 

39 

024B 

59 

0265 

2D 

024C 

50 

0266 

. ^8 

024D 

45 

■0267 

49 

024E 

20 

_0268 

47 

024F 

4E 

0269 

48 

0250 

‘ 45 



0251 

57 

053A 

8F 

0252 

20 



0253 

53 

0571 

23 



0572 

02 


After the patches have been made the program can be initiated and played 
as before. To change your ability to win against the computer type in an "S" 
after the coiiq)uter responds "YOUR PLAY" the first time after a new game starts. 
The computer will then ask fop a new skill when may be any interger from 0 to 
9. A 0 skill makes it very easy to beat the computer while a 9 usually results 
in ties or the computer winning. 
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Schematic - /VI /Vlother Board 











SWTPC 6800 Memoxy Duaip Program MEMDMP-I 


This memoTj dunp program allows one to display or print the contents of 
•Pacified half page (128io word) blocks of computer memory on the serial video 
control ter min a l or teletypewriter. The data is displayed in hexade'cimail form 
with sixteen line s of eight bytes of data per line. The starting address of 
eacb data line Is printed at the beginning of each of the sixteen lines for 
easy identification. Once a block of data has been selected and is being, 
displaqfed siaftle one character commands allow one to select and display 'the 
128 word block of data immediately preceedlng or following the block being 
<iisi>layed. A three character entry allows the user to reselect and display a 
128 word block of data located an 3 rwhere in computer memory. 

The program itself consumes 91^0 worda..of memory and is meant to -be loaded 
within the 128 word RAM used by the MIKBUgCS) operating system on the MP-A 
Mlcroprocessor/System board. This makes the program totally independent 
of the MP-M/MP-MX RAM memory boards where programs and data are normally stored 
The MEMEMP program may be loaded from eiJEher tape or from the control terminal, 
instruction by instruction using MIKBUG® starting from address A014 thru A07F. 
The program oust be loaded in two parts to avoid interfering with the system's 
pusb-^down stack. Since the program counter is set when the program is initial¬ 
ly loaded, the routine is initiated after loading according to the "Go To 
tteer's Program" section of the Engineering Note 100 in the Operating System 
section of the System Documentation Notebook. Once initiated, the program can 
be stopped only by depressing the "RESET" button. The program may then be 
re-started after setting the program counter to A01Ax6 at A048 and A049 as de¬ 
scribed in the "Display Contents of MPU Registers Function" section of the 
^gineering Note 100. 

Once the program is initiated you should enter the character "N" fol¬ 
lowed by the most significant hexadecimal byte of the memory address block you 
wish to display. The other two commands which the program will respond to are 
"F" to display the next foward memory block and "B" to display the adjacent . 
backward m emo ry block. Any of these commands may be entered at the completion 
of a memory block display. The program will work with either a teletypewriter 
or video teimrinal system. Control characters 1015 ^^16 sent out by 

the program to perform home-up and erase to end-of-frame functions on those 
systems using the SWTPC CT-1024 terminal system with the CT-CA Computer Con¬ 
trolled Cursor option. The following is a typical display: 
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Magazine Articles 



Upgrade Your SWTPC System 

to 60 K! 

By Earle Hilton 


It can be done, and It’s possible with or without an ex¬ 
pansion chassis. 

Your highly reliable M6800 computer is a work horse 
and can do a lot more than the designers expected, as 
evidenced by the 32K limit designed into the mother¬ 
board and CPU board, although address COOO through 
DFFF is open for 8K of PROM. 

This is memory totaling 40 kilobytes which is a little 
short of the 65K of addressing available by the M6800 
chip. The subject of this article is how to expand your 
system to a possible 20K, increase the I/O port number 
to 16, and change the map to 60 kilobytes. 

The best solution to the problem would be to install 8K or 
16K memory cards. Two 16K RAM boards would fill out the 
32K leaving four slots to expand. Another 16K board can be 
added. A small modification to the CPU module will make 
address AOOO through BFFF available for an 8K, or you 
can use 16K to extend through addresses COOO and DFFF. 

The Smoke Signal Broadcasting people will furnish 
with their 16K RAM board the details for the MP-A CPU 
card that will address the first block to AOOO. 

With this, the new total memory is (RAM) 48 kilobytes 
and fills all addresses 0000 to 7FFF and AOOO to DFFF. 
This is a good size system for SWTPC 6800. 

If you wish, you can add an 8K PROM board with a 
switch in or out PROM monitor. You may also choose to 
use a different monitor. An example would be the new 
SWTBUG# or RT68MX from Microware Systems Cor¬ 
poration. The options are unlimited with the P38 series 
PROM module made by Smoke Signal Broadcasting. 
They do furnish information to assist you in the 
necessary change to upgrade your SWTPC 6800. 

All this leads up to getting the most from an already 
excellent and reliable system. If you would believe this 
is the most we can expect to get from the SWTPC, I have 
a surprise for you. We can add another 4K of RAM or 
EPROM to the present total of 56K (kilobytes). 

Those who own the Southwest 6800 computer already 
know that I/O addresses are coded to wrap around all 
the way to H9FFF. The normal address of the eight ports 
are H8000 through H801F 32 bytes. These 32 bytes wipe 
out 8K of possible address space and put a large gap in 
the memory map. The I/O is interleaved all the way to 
H9FFF. By this I mean the 32 bytes is aiternated every 
other 32 bytes. 

in order to cure the lost memory problem, a number of 
things must be done. First, we define the address, and 
determining its boundaries wiii be a starting point. The 
SWTPC system defines the I/O area with address lines 
A15, A14, A13 decoded by iC6 74L138. Also A5 is used as 
enable LOW at pin 4 of IC6. Ali this is fine except A12, 
All, A10, A9, A8 are not defined. If you wish to do as I 
did with my SWTPC, you wiil want to define address lines 
Ai2 through A6 iow and connect the logic result to pin 4 
of IC6 74L138 of I/O decoder on the motherboard. Other¬ 
wise you wiii have wrap around for any bit not defined. 

This will allocate 32 bytes only of I/O and free memory 
from H801F to H9FFF. This is about 8 kilobytes minus 32. 

The last total was 56 kilobytes. It’s not hard to see 
that we are over 60 kilobytes and ready to add a 6820 I/O 
chip and code it for out boarded memory and a Mego- 
byte unit, but that’s in the future. 
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ADVANTAGE GAINED 

The advantage is that you may add additionai I/O by 
defining consecutive addresses above 801F. Exampie: 
8020 through 83FF is used by Smoke Signal (SSB) for a 
ROM bootstrap and interleaved to H83FF very effective¬ 
ly. I set my second I/O port area to H8420 with top port at 
H843F and in this way I am out of SSB memory alloca¬ 
tions, ready for a mini-floppy. For the mod installed, you 
may option to H8040 to 805F for 8 ports. 



HOW TO DO IT 


IC6 74L138 pin 4 must be active low to enable the I/O 
data latch and device decoder IC3 74L138. This makes 
an easy modification because only one line needs to cut 
on the foil. The A5 address line coming from the main 
bus should be cut, then a hole should be drilled next to 
each side of the line A5. Use a 65# .035 drill bit. 

Solder one end of a 6-inch piece of wire to the A5 go¬ 
ing to pin 4 of IC6, and do the same to the other side 
leading to the bus. These wires are fed through to the 
top of the board and connected to the. modification 
module to be attached to the motherboard. 

The two integrated circuits, 74L02 and 74L30 (or 
74L20) are mounted on a p.c. board about 1.5 inches 
wide and made just long enough to accommodate the 
IC’s and 9 off board connection. You may use wire wrap 
pins for the +5 volts and return connections when 
mounting the module on the MP-B bd#. Solder the pins 
to the respective power supply foil (top only). 

There a/e two ways to connect the wire to address 
bus lines. One which may be more popular is to use a 
65# drill bit and make a hole next to or through the pro¬ 
per address line, feed the wire end from the module in 
the hole and solder. 

The other option is, if you are lucky to have an 8 or 
16K board in your system and have an empty slot at the 
rear, use a female board connector and match pins to 
the correct lines. Solder the wire from module to the ter¬ 
minals, check wiring, and clean up all solder points. 
Now you are ready for power up check. 

Use your memory change function ‘M’ to test your 
new address boundaries. □ 
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RELIABLE APPLE SOFTWARE 

NOW AVAILABLE ON CASSETTE 


1. Rainbows's Pot-of-Gold, Vol. 1 — 49 BASIC programs 

2. Devils Dungeon 

3. Black Jack — graphics, 1*2 players 

4. Apple Checkbook 

5. Applevision — Hi-resolution graphic/music demo 

6. Hi-Resolution Life 

7. Appleodian — Irish Jig Composing algorithm 
I 8. Microchess 

9. Income Tax — 1040, Schedules A & B 

10. Apple Startrek/Starwars 

11. Microproducts Apple Assembler 

12. Circuit Logic Development Aid — 255 gates maximum 

13. Inventory — allows for user field definitions 

14. Apartment Building Cost Analysis -- needs Applesoft 

15. Memory Verify 

16. Morse Code Trainer 


Send Check or Money Order, sorry no stamps or C.O.D., to: 

RAINBOW 
COMPUTING INC. 


17023 White Oak Ave., Dept. IA 
Granada Hills, CA 91344 
(213) 360-2171 

California Residents add 6% sales tax 
Allow 3-4 weeks for delivery 


CIRCLE INQUIRY NO. 96 


P.O. Box 4430N Santa Clara, CA 95064 



Same day shipment. First line 
parts only. Factory tested. i 

Guaranteed money back. I 

Quality IC’s and other I 

components at factory prices. ' 

INTEGRATED CIRCUITS 


will call only:(^08) 988-1640 
2322 Walsh Ave.^ 

GmCiFI 

ELECTRONICS 

CRYSTALS 


yc/i 


ASCII KEYIOAROS 
53 key W $55.00 

56 key Ut $62.00 

Endosure $14.95 


CRYSTALS 

1 MHz 4.50 2.0100 MHz 1.95 

2 MHz 4.50 2.097152 MHz 4.50 

4 MHz 4.25 2.4576 MHz 4.50 

5 MHz 4.25 3.2766 MHz 4.50 

10 MHz 4.25 5.0668 MHz 4.50 

18 MHz 3.90 5.185 MHz 4.50 
20 MHz 3.90 5.7143 MHz 4.50 

32 MHz 3.90 6.5536 MHz 4.50 

32768 Hz 4.00 14.31818 MHz 4.25 
1.8432 MHz 4.50 18.432 MHz 4.50 
3.5795 MHz 1.20 22.1184 MHz 4.50 

30 MHz Frequency Counter KH $47.75 
Presceler Kit to 350 MHz $19.95 

COMPUTER BOARD KITS 
8K RAM Board Kit $134.% 

4K EPROM Kit 114.95 

1/0 Board Kit 44.50 

Extender Board w/connector 12.M 

Video Interface board kit 125.00 

16K EPROM board kit w/o PROMS 74.50 
16K Static RAM board kit 395.00 
Norm Star Floppy Disk KM $665.00 
Additional Drive KH 415.00 

Pantronics 100A Logic 
Analyzer Kit $199.00 

Model 10 Trigger Expander Kit $229.00 
Model 150 Bus Grabber KH $369.00 


New Cosmac Super *‘ELF’ 


256 Bytes of RAM. audio amp. & spkr. Detailed 


RCA CMOS «p,nd,bi; to 64K microcomputer 


w/HEX keypad input and video output for graphics. 
Just turn on and start loading your program using 
the resident monitor on ROM. Pushbutton seiec- 


Comp. Kit $106.9S. High address display option 
8.95; Low address display option 9.95; Custom 
hardwood cab.; drilled front panel 19.75; Nicad 


of airfouTcKI m^Sir LIdT ndSoTs it 
current CPU mode and four CPU states. Single 


step op. for program debug. Built in pwr. supply, software club. 10 12 pg. monthly publication 

4K Elf Expansion Board Kit with Cassette l/F $79.95 

Available on board options: IK super ROM monitor $19.95. Parallel i/0 port $7.95. RS232 i/F $3.50. 
TTY 20 ma l/F $1.95. S-100 Memory l/F $4.50. Need 4K Expansion Board Kit tor all above options. 
Power Supply Kit ±5 -f 12V 5 amp $24.95. 

Tiny Basic for ANY 1802 System 

Cassette $10.00 cuObject code listing or 

nn ROM Mnnitnr fM HR OWOBTS take 30%Otf. . manual S5 50 


on ROM Monitor $38.00 


paper tape with manual $5.50 


Auto Clock Kit $15.95 

DC clock with 4-.50'' displays. Uses National 
MA-1012 module with alarm option, includes 
light dimmer, crystal timebase PC boards. 
Fully regulated, comp, instructs. Add $3.95 
for beautiful dark gray case. Best value 


60 Hz Crystal Time Base Kit 

Ail parts and instructions $4.40. 


78 tC Update Master Manual 

1978 1C Update Master Manual $30.00 
Complete tC data selector 2175 pg. Master ref¬ 
erence guide. Over 42,000 cross references. 
Free update service through 1978. Domestic 
postage $3.50. Foreign $6r00. 


Video Modulator Kit $8.95 

Convert your TV set into a high quality monitor 
without affecting normal usage. Complete kit 
with full instructions. 


RCA CosmacVIP Kit $275.00 

Video computer with games and graphics. 


Sinclair Digit Multimeter $59.9s 

Ban. oper. ImV and .1NA resolution. Resis¬ 
tance to 20 meg. 1% accuracy. Small, portable, 
completely assem. in case. 1 yr. guarantee. 


PROM Eraser 


Ultraviolet, assembled 

{49.95J 


TERMS: $5.00 min. order U.S. Funds. Calif residents add 6% tax. BankAmerIcard and Master Charge accepted. Shipping charges will be added on charge cards. 
FREE: Send for your copy of our NEW 1978 QUEST CATALOG. Include 2B^ stamp. _ 
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Beat the MIKBUG 
Memory Squeeze 


Select between monitor and memory at the flip of a switch. 


yBill Vodall 
*■ Box 336 
Oilmont, MT 59466 


I appreciate the convenience of 
having a power-on monitor 
such as MIKBUG, but don’t be¬ 
lieve it is worth the 8K of the 
memory map required in addi¬ 
tion to preventing use of the re¬ 
set and software interrupt vec¬ 
tors of the 6800. By adding 3 iCs 
I was able to have MIKBUG and 
memory too. Now 1 have a 
switch on the front panel that 
will give either MIKBUG from 
$E000 through $FFFF as normal, 
or in the other position will move 
, a 4K static memory board from 
^000 to $F000. This gives me 
\mory in the uppermost posi¬ 



tion of the memory map as well 
as access to ail the 6800 vector 
addresses. 

The Procedure 

I used the two user-defined 
lines on the SWTP bus, but 
jumper wires could be used. Re¬ 
member that this involves re¬ 
routing an address line and chip 
enables, so keep everything 
short and neat. 

Step 1: Disconnect pin 8 of 
IC16 on the SWTP MP-A proces¬ 
sor board by either pulling it out 
of the socket or unsoldering it 
from the circuit board. Then run 
a jumper from pin 8 on the board 
directly down to the pad for UD1. 
See Fig. 1. 

Step 2: Cut the trace from A15 
on the Molex connector to pin 4 
of IC22 on an MP-M 4K memory 
board. Run a jumper from the 
IC22 side of the cut to the UD2 
pad. The memory board can only 
be enabled when UD2 is brought 



Fig. 2. MP-M. 


low. See Fig. 2. 

Step 3: Build the circuit of Fig. 
3.1 used a Seal WireWrap board, 
but use whatever technique you 
prefer. Remember—keep every¬ 
thing short. Now whenever the 
select line is high (a plus 5) 
everything will appear normal 
with greedy MIKBUG taking its 
8K of memory, and the 4K RAM 
board will be in the lower half of 
memory at its normally ad¬ 
dressed position. 

Pull the select line to ground 
and the RAM board will jump 
32K higher; half of MIKBUG will 
disappear. Please note that the 
RAM board must be addressed 
to $7000 for it to take the place 
of the upper 4K of memory. 

Step 4: Decide what type of 


circuit to use to control the se¬ 
lect line. See Fig. 4.1 used circuit 
A because i didn’t need any fan¬ 
cy control. Circuit B or C can be 
used with a memory-decoded 
strobe signal (pin 1 of unused 
I/O ports) or control characters 
from a terminal such as a CT-64. 
Any negative-going pulse 2 or 
more microseconds long will 
work. The switch in circuit C can 
be used to prevent damage from 
wild programs during the debug¬ 
ging stage. 

Now i can turn on the comput¬ 
er, use MIKBUG to load a pro¬ 
gram Into the RAM board at 
$7000, flick the switch, and I 
have full control. One nice thing 
about this memory modification 
is that all of the MIKBUG rou- 



Fig. 3. New address decoding. 
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Fig. 2. The '‘worst case" condition of eight data bits and a parity bit. 
if the received UARTdock rate is in error, the sampie point wiii drift 
through the bit stream. To insure proper sampiing of the iast (parity) 
bit, the dock must be within 4.85 percent of the proper frequency. 


frequencies corresponding to 
baud rates from 4800 to 110. Al¬ 
though the schematic shows a 
selector switch to pick off the 
desired rate, i don’t use one in 
my system since ail the clocks 
are produced simultaneously, 
and my UARTs are each dedi¬ 
cated to a particular baud rate. 

Producing a//of these rates in 
a particular system is probably 
not necessary, so the circuitry 
shown can be simplified. For ex¬ 
ample, if you could operate your 
remote terminal at 3600 baud, 
and needed only one other rate 
for a TTY printer (110 baud), you 
could eliminate iC5 and ICG. 
Omitting ICS and IC4 would still 
produce the binary sequence of 
rates: 4800,2400,... 150. 

The iCs and the crystal chosen 
for this circuit are all common 
types available at "jelly bean” 
prices. The crystal is the TV col¬ 
or-burst frequency, 3.579545 
MHz, and Is available at prices 
ranging down to 99 cents. This 
means the circuit can be built 
for less than the cost of a dedi¬ 
cated baud-rate generator 1C 
and its special frequency crys¬ 
tal. When completed, this circuit 
produces ail the frequencies at 
the same time. 

You could even tap off 
3.579545 or 1.789773 MHz for 
use as a microprocessor CPU 
clock, but then those guys run¬ 
ning at 4.00 or 2.00 MHz would 
beat you out In the Kiiobaud 
benchmark race (see the June 


and October 1977 Issues). 

Accuracy Considerations 

Table 1 lists the baud rates, 
the desired 16 x clock rates and 
the actual frequencies pro¬ 
duced by this circuit, rounded 
off to the nearest 1 Hz. The Per¬ 
cent Error column shows that, 
depending on the path taken 
through the counters, the clock 
rates are in error either 0.7 per¬ 
cent or 2.9 percent, all on the low 
side. 

How accurate does your UART 
clock have to be? Since you can 
assume that the equipment you 
are communicating with uses 
the more accurate baud-rate 
generators, you can hog almost 
the entire error budget on your 
end. Fig. 2 illustrates the allow¬ 
able error. 

The UART detects the leading 
edge of the start bit, then spaces 
over one-half of one bit duration 
and samples the start bit to 


Baud 

UART 

Actual 

Percent 

Rate 

Clock 

Clock 

Error 

4800 

76800 

74574 

2.9 

3600 

57600 

55930 

0.7 • 

2400 

38400 

37287 

2.9 

1800 

28800 

27965 

0.7 

1200 

19200 

18643 

2.9 

900 

14400 

13983 

0.7 

600 

9600 

9322 

2.9 

300 

4800 

4661 

2.9 

150 

2400 

2330 

2.9 

110 

1760 

1748 

0.7 


Tabie 1. 



make sure it is still there. 
Because of this technique, a 
transient spike would have to be 
at least one-half bit long to fool 
the UART. Since we have sup¬ 
plied the UART with a clock at 16 
times the bit rate, the most ac¬ 
curately It can position its sam¬ 
ple point is ± 1/16 of the bit time, 
or 6.25 percent. The UART is 
aiming for the center of the bit 
time, but can miss the 50 per¬ 
cent point by as much as 6.25 
percent. This leaves us an error 
budget of 43.75 percent of one 
bit time. All successive samples 
of the following bits must be 
taken within this window. 

As you can see from Fig. 2a, 
you have nine more samples to 
take. Since your colorful clock 
generator is stable, but not ac¬ 


curate, you have to be sure that 
your frequency is within 43.75 
percent divided by nine samples, 
or 4.85 percent of the desired 
value. At a maximum error rate 
of 2.9 percent, you are safe. 

You’re not too safe, though, 
as other factors contribute to er¬ 
rors. Any asymmetry in the cir¬ 
cuits that decode and process 
the serial bit stream before it 
gets to the UART can cause 
trouble, in actual practice, th( 
colorful baud-rate generator hai 
proved capable of providini 
error-free communications 
through 20 mA current loops, 
RS-232 paths and the modem 
used for recording data on audio 
cassette recorders. 

This one generator can run 
them all at the same time! ■ 





MAILROOM PLUS' 



Make Your TRS 80 Work Uke A Mini-IBM! 

Maiiroom Plus was developed for the National Rifle Association membership mailings. It features 
scirting by last name or member number in addition to zip code. The program will sort 500 names 
in 30-40 minutes, kill duplicates, and close up the file. Maiiroom Plus will also search all records 
for categoiA’, name, state, zip (or any other .search code) and print these records on laix;is or in 
tabular form. It se{)arates large files into smaller ones by state or zip or merges .small files into one 
large one. Maiiroom Plus is available on 32-48K disk for $75.00 by first class mail. Order yours to¬ 
day jxistpaid. 




THE PERIPHERAL PEOPLE 112 



PO Box 524, Mercer Island, WA 98040 


vywjyyi 

206-232-4505 

V/SA’ 


Master Charge and VISA cards welcomed 





^<oduct versatility and value. 


IN NEW YORK CItY 

OHIO SCIENTIFIC &ARISTO/ 
POLKS FULL STOCK AND SER¬ 
VICE ON CHALLENGER MICRO¬ 
COMPUTERS. 

CHALLENGER ClP 8K $399.00 

C1P5" FLOPPY20K $1250.00 

SUPERBOARD Cl P $299.00 

CHALLENGER (COLOR) C4P 8K $750.00 
C4P FLOPPY 24K 5" $1795.00 

CHALLENGER C8P $950.00 

COLOR-DUAL 8" FLOPPY C8P $2895.00 
C-3 48K DUAL FLOPPY 8" ■ $4095.00 

C-3 + 23 MEG HARD DISK $12,995.00 
C-2-0EM 48K DUAL FLOPPY 8" $2799.00 
PLUS ALL SOFTWARE & PERIPHERALS 

Mail order invited if machine can be 
sent back to us for service. 220V 
conversions available for systems- 
write for quote. Write for free cata¬ 
log. M/C. VISA. AX CARDS ACCEPTED. 

Aristo/Polks • 212-279-903^ 

314 5TH AVE.(32ST)N.Y.C.,N.Y. 1000 
9:30/6-DAILY«THURS TIL9BSUNDAY r 


... Look to Aristo/Polksf 


r 
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Open Up the 
SWTP 6800 


A bit of minor surgery maximizes the capabiiities of this popuiar system. 


Dr, Gordon W. Wolfe 
Physics Department 
University of Mississippi 
Oxford, MS 38677 


T he SWTP 6800 microcom¬ 
puter system is a versatile 
system, particularly well-suited 
for real-time data acquisition, 
analysis and control. However, 
some minor engineering short¬ 
cuts have left the machine with 
less than its full availability. 
With the addition of only two 
common integrated circuits and 
a few wires, you can maximize 
the capabilities of the computer 
and its bus. 

Add a User Scratchpad 

i recently developed a low- 
cost vectored graphics display 
and had just finished testing 


both software and hardware 
together. Since the display 
depended on an oscilloscope, it 
had to be refreshed many times 
a second through the use of the 
MP-T interrupt timer. 

While programming the driver 
routine into EPROM, I realized I 
had no place to put the display 
data or a few necessary data 
bytes. There was no problem in 
RAM, but EPROM can’t be 
changed during execution! I had 
no room in low memory, which 
contained the BASIC Inter¬ 
preter, and no room in middle 
memory, which housed the disk 
operating system. That left the 
monitor scratchpad at $A000. 
But since my RT-68MX monitor 
uses about three-fourths of It, i 
was not going to fit over a hun¬ 
dred data bytes Into a 128-byte 
RAM. 

The solution was obviously 



Fig. 1. Method of piggybacking the new 6810 RAM on the MP-A 
board. 



A7 


Fig. 2. Wiring the new 6810 RAM to respond to addresses 
$A080-$A0FF. 


more memory. But that Involves 
a capital outlay of at least $100 
for a 4K memory board and, 
since my motherboard is full, a 
new motherboard and power 
supply! 

Fortunately, for only the small 
amount of memory I needed, 
there was an easier solution, i 
keep spares of ail the major 
chips used in the 6800 system, 
including a spare 6810 RAM. By 
integrating this 128x8 memory 
into the system, you can obtain 
another 128 bytes. The logical 
place Is at address $A080, since 
the existing 6810 Is at SAOOO- 
$A07F. The SWTP 6800-on the 
old MP-A card—uses incom¬ 
plete address decoding, so the 
existing 6810 not only responds 
to $A0O0-$A07F, but also to 
$A080-$A0FF.$A100-$A17F... 
ail the way up to $BFFF. This 
128-byte RAM uses 8K of memo¬ 


ry space. 

I connected pin 12 of ICS, a 
6810, to address line A7. This ac¬ 
tive-low chip-select pin, tied per¬ 
manently to ground, responds 
only when A7 Is low, or for ad¬ 
dresses $A000-$A07F, SAIOO- 
$A17F, $A200-$A27F, etc. An¬ 
other 6810—otherwise connect¬ 
ed identically as ICS, except for 
pin 12—could be configured to 
respond to $A080-$A0FF, $A180 
-$A1 FF and so on. 

You only need three wires and 
two iCs to make this change. 
One 1C is a new 6810 RAM, 
which Is piggybacked over the 
old 6810. All pins, except pin 12, 
are soldered over the pins of the 
existing 6810. The 6810s are 
CMOS chips, so you must ob¬ 
serve static precautions. You 
should also remove the 6800 
CPU and 6830 monitor ROM dur¬ 
ing this operation. Bend pin 12 
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Discount 

Software 

BUSINESS PACKAGES 

in MICROSOFT BASIC 

(Version 4.5 not supplied) 

• GENERAL LEDGER 

• ACCOUNTS RECEIVABLE 

• ACCOUNTS PAYABLE 

• PAYROLL 

Extremely well documented with source 
code. BEST VALUE ON THE MARKET! 

ONLY $99 per package 

All Four ONLY $339 


CP/M® 1.4. $129 

2.x.$149 

(available for most 8080/Z-80 systems — specify) 

COMPUTER DESIGN LABS 
Complete line of software.Less 10% 


TPM^“ - A CP/M® compatible Disk 
Operating System written specifically 
for the Z-BO 

.. A FANTASTIC VALUE AT ONLY $69.95 


CBASIC-2 Disk Extended BASIC.$89 

MICROSOFT BASIC-80. $289 

BASIC Compiler.$325 

Fortran-80.$399 

Cobol-80. $599 

MICROPRO Super-Sort I . $219 

Super-Sort II.$169 

Super-Sort III.$120 

Word-Star.$395 

Word-Star/Mail-Merge.$525 

Word-Master. $125 

Data-Star. $279 

MICROAP Selector III-C2.$279 

Selector IV. $469 

Glector.$289 


MAGIC WAND'"'^ 

The Super CP/M® based 
word processing software! 


I_ ONLY $379 _I 

MICHAEL SHRAYER 

Electric Pencil II. 15% off 

STRUCTURED SYSTEMS .... Call for Price 

PEACHTREE.Call for Price 

GRAHAM DORIAN .Call for Price 


OSBORNE 

Business Software 

On/y$89 per Package 
All 4 for only $289 

General Ledger, Accounts Receivable, 
Accounts Payable, and Payroll (with Cost 
Accounting). Available in the following 
basics: CBASIC2, Cromemco 16K, 
North Star, Microsoft, and TRS-80 


All packages available In 8" CP/M^m and 5%" 
CP/MJM for North Star, Micropolis, Vector 
Graphic, SuperBraIn, and others. 



Reduced Compile Time. AND MORE! 

Meet our new, improved Pascal/Z™ The true Z-80 
compiler that's 5-/0 times faster than P-code, and 
produces ROMable re-entrant code for true multi-tasking 
capability. 

Our new compiler adds features like variant rec¬ 
ords, strings and random access. Also included are an 
improved macro-assembler that generates Microsoft- 
compatible relocatable object modules; a linker/loader 
and source on the full library. All six programs on a 
CfyM®-compatible disk, $395. (Other formats and OEM 
licenses available.) For more information, call or write. 

DdD11(150%’S(]'(15D0DS”‘.», 

Ithaca Intersystems. Inc., 1650 Hanshaw Road/RO. Box 91, 

Ithaca, NY 14850 • 607-257-0190/TWX: 510 255 4346 

O 1980, Ithaca Inlersystems Inc. CP/M registered trademark of Digital Research 






P&T CP/M® 2 <S< TRS-80 MOD II 
versatUity! 

P&T CP/M 2 is customized to take maximum advantage of the Mod II hardware 
and still be compatible with standard CP/M. 

So What? There are hundreds of applications programs available (from dozens 
of sources) io run under CP/M and most of them can run unmodified on the Mod 
H with P&T CP/M 2. 

So Why P&T CP/M 2? When you compare CP/M's for the Mod II you will 
find that P&T CP/M 2 is way out in front of the pack. We were the first to offer 
596K bytes (610,304 bytes) of storage at double density. We have the most 
advanced screen driver with features like cursor addressing, insert/delete 
line, optional non-scrolling lines, change cursor size and blink, clear to end of line 
or screen, read cursor position, read character at cursor, and more. We also 
support a time of day clock, a user supplied real time interrupt routine, and the 
Line Printer III. Our serial port drivers support, ETX/ACK, XON/XOFF, and status 
line (CTS and DCD) handshaking. 

Ok - What about documentation? We supply the 7 standard Digital 
Research manuals for CP/M plus our own 150 page manual describing in detail 
how to use P&T CP/M 2. 

What's all this cost? ONLY $175! ($185 after Aug. 1) 


Shipping and Insurance; Add $2.50 per order. 

All prices subject to change and all offers subject to withdrawal 
without notice. Advertised prices are for prepaid orders. Credit 
card and C.O.D. 2% higher. Deposit may be required with 
C.O.D. 

- WRITE FOR FREE CATALOG - 

MiniMicroMart »^304 
1618 James Street, 

Syracuse, NY 13088 (315) 422-4467 



We also carry; 


MAGIC WAND text processor 

$350 

CBASIC2 (improved performance) 

$105 

PASCAL/M 

$175 

Microsoft BASIC-80 

$325 


Contact us for latest information. 


PICKLES & TROUT 

PO BOX 1206. GOLETA. CA 93017. (805) 967-9563 



V 


CP/M is a trademark of Digital Research Inc. 


TRS-80 is a trademark of Tandy Corp. 
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out sideways, and, with a pair of 
cutters, cut pin 12 of the oid 
6810 from the PC board and 
bend it out sideways. Using a 
short piece of wire, connect ad- 
' dress iine A7 directly to pin 12 of 
the oid 6810. (See Fig. 1.) 

To make the new 6810 re¬ 
spond to the proper addresses, 
address line A7 must be In¬ 
verted. Unfortunately, there are 
no unused gates or inverters on 
the MP-A card, so you must add 
one. A iow-cost 7400 NAND gate 
will serve the purpose and be 
used later. 

Piggyback the 7400 over an 
existing 7400, IC13, but solder 
down only the power and ground 
pins, 7 and 14. Bend the other 
twelve pins of the new 7400 out 
sideways so they do not touch 
each other or the board. One 
gate of the chip is used as an in¬ 
verter by connecting address 
line A7 to pins 1 and 2; the gate 
output, pin 3, is connected to pin 
12 of the new 6810. (See Fig. 2.) 

Since the 6810 outputs are Trl- 
states and since all other ad¬ 
dress and control pins are the 
same, the two RAMs will now 
not interfere with one another 
and will give you a full page of 
memory from $A000 to $A0FF. 

Opening Up the Bus 

Whenever any memory on the 
CPU card is accessed, the data 
bus drivers, IC8 and ICO, are dis¬ 
abled. The MP-A card contains 
not only the 6810 RAM, but also 
a 6830 monitor ROM, whether it 
be MiKBUG, SWTBUG or RT- 
68MX. To be MIKBUG-compati- 
bie, this ROM must respond to 
addresses from $E000 to $E1 FF. 
But to include the interrupt and 
restart vectors, this same ROM 
must also respond to addresses 
$FFF8 through $FFFF. This is 
accomplished by incomplete de¬ 
coding of addresses, so that the 
IK ROM is repeated eight times 
from $E000 to $FFFF. Also, 
there is the 6810 RAM at $A000. 

The partial address decoding 
is handled by the upper half of 
IC16, which disables the bus 
when both address lines A13 
and A15 are ones, or when ad¬ 
dresses $A000-$BFFF or $E000 
-$FFFF are present. The latter 
8K Is necessary for the Interrupt 
vectors, but there is no reason 
for the 128 X 8 (or 256, If the mod- 



TO PIN I, IC13 


Fig. 3. Modification of MP-A 
$B000-$BFFF. 


Ificatlons above are made) 6810 
RAM(s) to use up 8K of memory. 

With the 7400 In place over 
IC13, a minor change may be 
made to allow the data bus to 
carry information for addresses 
'$B000-$BFFF. This Is accom¬ 
plished by letting IC16 disable 
the bus only when lines A12- 
A15 are hex A, E or F. That is, 
when A13 and A15 are high, but 
when A14 is low and A12 Is high, 
do not disable the bus. 

IC16 is a dual four-input 
NAND gate. The upper half is 
used as a two-input NAND on 
A13 and A15. There are two un¬ 
used Inputs. Cut the trace to pin 
10 of IC16 and add wires to the 
piggybacked 7400 as shown In 
Fig. 3. Now the bus will be dis¬ 
abled when A13 and A15 are 
high (Is input to iC16). When 
A12 = 1 and A14 = 0, the input to 
pin 10 of IC16 will be zero and 
the NAND will produce a high 
output, enabling the bus. 

This process allows the user 
to use all of memory space from 
$B000 to $DFFF, adding an ex¬ 
tra 4K of accessibility, for a total 
of 12K. 

Open Up the Motherboard 

Incomplete decoding plays a 
part on the SWTP MP-B mother¬ 
board as well. The I/O slots re¬ 
spond to addresses $8000 to 
$801F, $8040 to $805F, $8080 to 
$807F...up to $9FFF. The 
blank spaces in between are for 
future expansion so that a sec¬ 
ond motherboard may be added. 

Again, there Is no reason to 
tie up 8K of memory space for 32 
bytes of memory-mapped I/O. 


board to open up addresses 


The area from $9000 to $9FFF 
may be opened up for use by a 
simple expedient. On the moth¬ 
erboard, pin 5 of IC3 is ground¬ 
ed. This is a chip enable pin that 
must be low to permit the I/O 
slots to respond. If the trace to 
pin 5 is cut and a wire is con¬ 
nected from pin 5 of iC3 to ad¬ 
dress line A12 when address 
line A12 is zero ($8000-$8FFF), 
the I/O will work. When the line 
is high, as in $9000-$9FFF, the 
I/O bus will be quiet. This allows 
the user to place a memory 


board or EPROM at this loca¬ 
tion. 

For users of the Smoke Signal 
Broadcasting BFD-68 floppy- 
disk system, the above-men¬ 
tioned addition of a second 
motherboard for more I/O slots 
is more difficult because the 
bootstrap ROM on the BFD-68 is 
configured in a unique way: I/O 
slots 0 through 7 respond to 
$8000 to $801F, and more, as 
stated above. The bootstrap 
ROM “fills in the cracks.” That 
is, it uses the unused locations 
$8020 to $803F, $8060 to $807F, 
and so on. Furthermore, the de¬ 
coding for these is complete. 
The 1K ROM simply uses every 
other 32 bytes to load the disk 
operating system so that no ad¬ 
ditional memory Is used. 

There Is no room for adding a 
second motherboard if more I/O 
is needed. Since the I/O takes 
the first 32 bytes, the disk the 
second 32, the I/O the next 32 
and the disk the fourth 32, there 
is no room left all the way to 
$8FFF (or $9FFF, if the above 
change is not made). 

If the second motherboard 
qpuid be made to respond to 
$8040 to $805F, and the first 
motherboard not to respond to 




ri>J MODIFICATION TO N£W MOTHERBOARD 

Fig. 4. Rewiring motherboard so that the I/O slots will respond to a) 
$8000-$801F, b) $8040-‘$805F. Also, opening up addresses 
$9000-$9FFF. 
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these addresses, this would 
solve the problem. Fortunately.,^ 
you can do this without addi¬ 
tional ICs. 

Place address line A5 low for 
I/O and high for the DOS boot¬ 
strap. If you desire to decode 
address line A6 and if A6 = 0, I/O 
will respond to addresses $8000 
to $801F. However, if A6 = 1, I/O 
will respond to addresses $8040 
to $805F. IC4 and 105 are quad 
two-input NAND and NOR 
gates, respectively. Between 
them, there are three unused 
gates, which may be used for 


additional address decoding. 
We can still use the A12 line to 
open up the $9000-$9FFF ad¬ 
dresses. 

The unused gates are dis¬ 
abled by grounding the Inputs. 
With a sharp razor blade, cut the 
foils connected to IC4, pins 9 
10, 12 and 13, on the bottom of 
the board so that each pin is un¬ 
connected. The same Is true for 
pins 5 and 6 of IC5. Then run 
jumper wires from address lines 
A6 and A12 to these ICs and to 
pin S of 103, as shown in Fig. 4. 
Be sure to cut the ground line 


foil from pin 5 of 103, as above, 
on the bottom of the board. Fig. 
4a shows the modification for 
the first motherbpard to let I/O 
respond to $8000-$801 F; Fig. 4b 
shows the modification for the 
second motherboard to allow 
I/O to go out at $8040-$805F. 

Finally, let me caution you 
about opening up $9000-$9FFF. 
Users of the BFD-68 disk system 
should be aware that the disk 
drive is Interfaced through a PIA 
that Is addressed at $9FFC. Any 
attempt to put a full 4K of memo¬ 
ry into $9000-$9FFF will inter¬ 


fere with this PIA, causing prob¬ 
lems with the disk. 

Summary 

For the price of two in¬ 
tegrated circuits and some wire, 
you can upgrade your SWTP 
6800 In about an hour’s time. 
This results in the addition of 
another 128 bytes of memory, 
opening up 8K of memory space 
and the addition of a second 
motherboard without interfering 
with the BFD-68 disk system. 
That’s what I call cost-effective 
work! ■ 
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EXTRAORDINARY 

BASEBALL 
SIMULATOR SYSTEM 


•■r ••cctofal Faatkall Sy«ttM 
U the aitiMatt ■attball Syataai! 


' Set your lineup, make substitutions 

► Hitters tend to perform according 
to statistics — "pull” or "spray” 
hitters, strikeouts, etc. 

Pitchers tend to perform according 
to statistics — control, endurance,' 
strikeouts, etc. 

^ Call each pitch (type, speed, spot) 
and signal batter (take, bunt, 
hit-and-run, etc.) 

‘ Exciting graphic display of scoreboard, 
playing field, pitch, etc. 

For additional information, or to order, write: 

COMREC SYSTEMS CORP. *^190 
3701 KIRBY-SUITE 876 
HOUSTON, TEXAS 77098 

To order: send $ 19.95 check or money order plus applicable 

tax. and receive playbook .game simulator, and two teams 


<»'*?«) : s^‘)o 



Casf' ,dJ2'?rr3JK.'J'oa'> f9%6 


a p“na l^ll 





Qty. Price 


Premium tape and cassettes acclaimed 
by thousands of repeat order microcom¬ 
puter users. Price includes labels, cas¬ 
sette box and shipping in U.SA. VISA 
and M/C orders accepted. California 
residents add sales tax. Phone (415) 
968-1604. »xi23 


MICROSETTE CO. 

475 Ellis Street 
Mt. View, CA 94043 


DI$C0UNT 

° COMPUTER PR0DUGT$ 

Master Charge & Visa Accepted 
(Please give card no. and expiration date) 


APPLE 


TEXAS INSTRUMENTS 


Apple II 16K 

$999. 

Model 810 


Micro Music Board 


Basic Printer 

1649. 

for Apple 

168. 

CENTRONICS 


OHIO SCIENTIFIC 


730-1 

799. 

Superboard II 

259. 

779-2 Tractor 


C1P 8K 

359. 

Feed Printer 

1049. 

C4P 8K 

598. 

Epson Tx-80 


C4P MF 

1548. 

Tractor Printer 

649. 

C8P 

795. 



C8P DF 

2449. 

COMPRINT COMPUTER 


C2 OEM 

2499. 

PRINTER INTERNATIONAL 

NOVATION INC. 


Comprint 912 S 

598. 

Cat Modem 

179. 

HAZELTINE 


OKt-OATA 

Micro-80 Printer 

795. 

1410 

1420 

1500 

798. 

898. 

998. 


MAIL & PHONE ORDERS ONLY) 
SHIPPING EXTRA 

DELIVERY FROM STOCK TO 6 WEEKS 


P.O. BOX 308 

ThiellS, N.Y. 10984 (914) 429-9631 


A/cro discount Service 
SORCERER.^ 

Z80 Processor Dual Cassette I/O 

Full size ASCII Keyboard Serial and Parallel I/O 
Calculator Style Numeric Pad 30 x 64 Ch»'acter Display 
8K RAM (up to 48K RAMI 240 x 512 Graphics Resolution 
Resident 4K Monitor ROM 64 User Defineable Characters 
Interchangeable ROM Pacs S-100 Compatable 

with 16K RAM $1295 

FREE 2 " Video Monitor valued at $149 

with 32K RAM 1395 

FREE Monitor and $60 of Software 

with 48K RAM 1495 

FREE Monitor ond Software Development Package 

Oo you need a disk system, software, memory 
expansion kit, accessories, or manuals for your Sorcerer? 
Write and find out why weVe called a Discount Service. 

WE PAY ALL SHIPPING AND HANDLING WITHIN THE U S 
Connecticiit residents please add 7"» sales tax. 

Shipment stock to 30 days. 


198 General Lyon Rd., Eastford, CT 06242 
203-9741214 ^,26 


ISI IP PROGRflf^ 

: r—K AND MORE ^ 

) MEW { m 

' '—J PROGRAMS V-* ^ 


1008 RENUMBER 


THIS RENUMBERING PROGRAM WRITTEN IN BASIC INCLUDES 
SOME ERROR DETECTION. IT WILL RUN ON ANY OSI IP. IN¬ 
CLUDES DOCUMENTATION WITH LISTING AND TAPE. COPY OF 
DOCUMENTATION ONLY: $2.00 

1007 INVENTORY SLS 14.95 

REOUIRING AT LEAST AN UK IP THIS INVENTORY/SALES SYSTEM 
IS SUPPORTED WITH CASSETTE FILES AND INCLUDES REPORTS 
GENERATION. INCLUDES DOCUMENTATION WITH LISTING AND 
TAPES. DOCUMENTATION ONLY: tS.OO 

MORE 

106 6502 REFERENCE CARD 2.00 

THIS HANDY CARO WILL PROVIDE ALMOST ALL THE INFORMA¬ 
TION NEEDED BY NOVICES AND EXPERTS WHILE PROGRAMMING 
THE •S02. IT SHOULD PAY FOR ITSELF MANY TIMES OVER FROM 
TIME SAVED THROUGH ITS USE. 

ALL THE ABOVE ITEMS INCLUDE FIRST CLASS POSTAGE AND HANDLING CHARGES 
FOR A COMPLETE PRICE LIST SEND $.50 FOR PAH 

BILLS MICRO SERVICES 

210 S. KENILWORTH, OAK PARK, ILL. 80302 DEPT: KM-N 
MAIL ORDER ONLY 

FOREIGN ORDERS PLEASE REMIT U.S. FUNDS. atP- 211 
ILL. RESIDENTS ADO •% SALES TAX 
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Peter A. Stark 
PO Box 209 
Ml Kisco NY 10549 


Thoughts on the 
SWTP Computer System 


Installment number 10 checks out the chips in SWTP’s 64K dynamic RAM board. 



D id you know that SWTP 
has been making a 64K 
dynamic RAM board for almost 
two years? I have been using 
that board—with just 48K of 
chips—in my system for the last 
few weeks, and it works great. I 
had to move all of my I/O out of 
the 8000 address range, but now 
I have memory from 0000 all the 
way to BFFF—on one board! 

The SWTP 32K 
Dynamic Memory Board 

In the first installment of this 
series (March 1979), I mentioned 
my quest to find out what ICs 
this board.used. This 32K board 
is available from SWTP in two 
versions. The older versions 
used thirty-two 8Kx1 RAMs, 
while the newer board uses six¬ 
teen 16K X1 RAM chips. AH the 
memory chips are made by Mo¬ 
torola. You may remember that 
Motorola doesn’t make any 
8K X1 dynamic RAMs. However, 
the 16K dynamic RAM is the 
same 4116 1C that is used in the 
TRS-80, Apple 11 and many other 
systems. It is now made by 
some 1C manufacturers under 
different numbers; the same 
RAM is numbered a 2116, 416, 
4116 or 6116, depending on who 


is the manufacturer. 

When the 4116 was first pro¬ 
duced, it was expensive. The 1C 
manufacturers had a lot of trou¬ 
ble making it and had to throw 
away much of the production lot 
because only a small percent¬ 
age of the ICs worked. 

The 4116 memory 1C was built 
with the memory array split into 


two parts and with some of the 
support circuitry in the middle of 
the chip. Often a defect in the 
chip—most often produced by a 
small pinhole in the negative 
used to make it or a fault in pro¬ 
cessing—would disable half of 
the memory array but leave the 
other half and the support cir¬ 
cuitry working. This 16K RAM 


then only had 8K of good 
memory. 

Since the 4116 was so expen¬ 
sive, several manufacturers de¬ 
cided to use these “8K” RAMs 
rather than throw them out. This 
led to, among other boards, the 
SWTP 32K dynamic RAM board. 
It had 32 of these “bad” memory 
chips and was made for SWTP 
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7 BITS TO 
MEMORY ARRAY 


Fig. 2. Address path during Column Address Enable. 


by Motorola. 

As production facilities im¬ 
proved, the yield increased and 
the proportion of 8K ICs dropped, 
so at some point Motorola rede¬ 
signed the board to use only 16 
“good” memory chips. That’s 
the current board. 

The old board with 32 ICs 
(let’s call it the 32-IC board) was 
available with only 16K of mem¬ 
ory installed (only 16 ICs) at 
$4CX), and an expansion kit of 16 
more ICs to expand it to 32K was 
available from SWTP for another 
$250. The new board with 16 
“good” ICs (let’s call it the 16-IC 
board) is apparently only avail¬ 
able In the full 32K version at 
$650. 

If you have the new 16-IC 
board, you might as well stop 
reading right here. The rest of 
this article applies to the old 
32-IC board. Sorry. 

If you have the old 32K board, 
which has 32 “bad” ICs, what do 
you think will happen if you re¬ 
place the “bad” ICs with “good” 
ones? Absolutely right! You’ll 
have a 64K board! (Don’t rush 
off yet. You have to make some 
other changes too.) 

It makes sense. If you replace 
the thirty-two 8K x 1 RAMs with 
thirty-two 16Kx1 RAMs, you 
will double the storage capacity 
of the board to 64K bytes. 

There are other variation^. 
You can replace the 32 “bad” 
ICs with 16 “good” ones and 
keep the board at 32K but cut 
the current consumption in half. 

Another alternative for those 
who have a partially populated 
32K board with only 16K of mem¬ 
ory Installed is to expand to 32K 
by adding just eight more ICs, 
instead of 16. 

I chose a third way. By using 
16 “bad” chips and 16 “good” 
ones, I have a 48K board. 

The idea of expanding a 16K 


board to 32K by adding only 
eight ICs occurred to me when I 
wrote the first installment of 
this series, but at that time I al¬ 
ready had my board at 32K and 
didn’t yet have a diagram of the 
board. I quickly forgot the Idea 
until I had a discussion with a 
friend who had an unexpanded 
32K board. 

After making the old 32-IC 
memory board for awhile. Mo¬ 
torola’s 1C production Improved 
enough that the 8Kx1 “bad” 
ICs became scarce. At this point 
Motorola redesigned the board, 
but it seemed there was a point 
where the old board was sup¬ 
plied with at least some “good” 
ICs. So you may have a 48K or 
64K board now and not know it. 

That was the case with my 
board. The original board came 
with 16K of ICs, and all of these 
were “bad” by virtue of having 
just 8K locations. The add-on kit 
I bought to expand the board to 
32K had all “good” ICs, so I was 
able to expand my board from 
32K to 48K at almost no cost. 

SWTP 32K Board Operation 

Fig. 1 is a simplified block dia¬ 
gram of the 32K board, showing 
only those parts of the board 
that concern addressing. Let’s 
see how It works. 

A 16Kx1 1C chip requires 14 
address bits, since 2^^ = 16384. 
But the 4116-type chips have a 
multiplexed address that uses 
only seven address pins. Since 
the 4116 was designed for dense 
packing on printed circuit 
boards, this approach kept the 
1C in a small 16-pin package, 
rather than a larger 24-pln pack¬ 
age. Thus, a 14-bit address must 
be combined externally onto a 
7-bit bus and fed into the 4116 
memory ICs In two chunks. As 
you can see In the lower-left cor¬ 
ner of Fig. 1, a whole batch of 


address bits is combined in sev¬ 
eral 8T97 ICs onto seven ad¬ 
dress lines. I show them sep¬ 
arately in Fig. 1 as six bits and a 
separate single bit, since they 
are treated differently. 

Since the memory bits inside 
the 4116 RAMs are physically 
stored In an array of 128 rows 
and 128 columns, seven of the 
address bits are used to select 
one of the 128 rows, while the 
other seven select one of the 128 
columns. The two timing signals 
that control the multiplexing of 
these two address parts onto 
the same seven memory 1C pins 
are called CAE, Column Address 
Enable, and RAE, Row Address 
Enable. 

In normal operation, the CPU 
puts a 16-bit address, consisting 
of bits AO through A15, on the 
address bus. Of these 16 bits, 14 
(AO through A13) are separated 
into row and column addresses. 
When the low CAE signal comes, 
bits 6 through 12 are gated 
through ICs U49 and U51 to the 
memory; this is the column ad¬ 
dress circuitry shown in Fig. 2. 

A fraction of a microsecond 
later, the RAE signal arrives and 
lets bits AO through A5 go 
through U48 to become the row 
address (see Fig. 3). It looks as 
though the bits get scrambled 
on their way to the memory 
chips, but this doesn’t matter. If 
a number is stored In a “wrong” 
location. It will later be read 
back from the same “wrong” 
location, so the order of address 
bits doesn’t matter as long as 
the same order is used during 
reading as during writing. 

The 4116 ICs require 14 ad¬ 
dress inputs, but only 13 are ac¬ 
tually supplied from the address 
bus because the ICs hold 16K. 
This requires 14 address bits 


(since 2'^ Is 16K), while this 
board uses them only as 8K 
memories (and 2^® is 8K). 

Although only 13 bits are avail¬ 
able, the ICs still require 14 bits, 
even if they are defective. So an 
extra 14th dummy bit is gener¬ 
ated on board, using one of two 
jumpers: jumper El, If used, will 
always make that bit a 1; while 
jumper E2, if used, will always 
make it a 0. This bit Is fed 
through another part of U51, 
gated by a signal called 8KSELE, 
and becomes the seventh bit of 
the row address. 8KSELE is a 
signal that goes on (low) most of 
the time CAE Is not on. 
This is also shown in Fig. 3. 

Why two jumpers, and how 
are they chosen? I mentioned 
earlier that the 8K chips are real¬ 
ly defective 16K chips. Only half 
—either the upper 8K or lower 
8K—Is good. These chips are 
sorted out by Motorola, which 
makes sure that all the chips on 
a given board have the same 
half good. The extra bit gener¬ 
ated by the jumper determines 
which half of each chip Is actu¬ 
ally used on that board. On my 
board, jumper El was In and 
made that extra bit a 1... upper 
half good. 

If your board had chips with a 
good lower half, then jumper El 
would be missing, and jumper 
E2 would make that extra bit a 0. 
By looking at El and E2, you can 
tell which half of your memory 
ICs Is good. 

When I bought my board with 
just 16K installed, jumper El 
. was Installed. When I got the 
16K add-on kit, nobody asked 
me which jumper I had! I rea¬ 
soned that all the add-on ICs 
had to be good. That way, re¬ 
gardless of where the jumper 
was, the additional ICs would 
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Fig. 3. Address path during Row Address Enable. 
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still be using a good half. (There Fig. 4, Is controlled by a REF, 
was a period when the 16K add- Refresh, signal, which Is present 
on was installed at the factory during phase 1 of the clock 
and you had to send the board when the board is not being 

back for a retrofit if you wanted used for reading or writing, 

to change from 16K to 32K. It Is Thus, refreshing Is squeezed be- 
posslbie that these added chips tween actual reading and writ- 
were bad ones.) Ing of memory data. 

To tell whether you have good Now note that the refresh ad- 
or bad chips on your board, sIm- dress from the refresh counter 
ply move the jumper, wherever it only consists of six bits; the sev- 
Is, to the other position and run enth bit comes from jumper E1 
a memory test. If ail of your 32K or E2 via U51 and Is always ei- 

tests OK, all your chips are ther 0 or 1. Thus, on this 32K 

good. If t6K tests OK while the board, only one half of each IC Is 

other 16K makes errors, you really refreshed. The “bad,’* or 
have some good and some bad unused, half is not. This has to 
ICs. If all of it falls the memory be changed to extend the board 
test, then ail the iCs are bad (i.e., past32K. 
only half bad). Continue through Fig. 1. In 

Continue to look at Fig. 1. Dy- the upper left of the diagram is 
namic memory ICs must be re- the board selection circuitryi 
freshed at periodic Intervals. which generates a board select 
The 4116 needs refreshing at signal called BRDSEL. This clr- 

least once every two milllsec- cult starts with three Inverters, 

onds by addressing each row of which Invert VMA (valid memory 
the IC, one at a time. A program address) and address bits A15 
that was active enough to race ^nd A14. Going through another 
all through memory fast enough set of jumpers, they go to an 
to touch each row at least once AND gate in U4g, which, gener- 
every two milliseconds would re- ates the BRDSEL signal, 
quire no additional refreshing. Fig. 5 shoves what the jumper 
In general, though, our pro- does. When in the 16K position 
grams can’t be guaranteed to do (see Fig. 5a), BRDSEL is gener- 

that, so special refreshing cir- ated only when VMA.Is high and 
cultry Is needed. A15 and AT4 are both high; this 

The SWTP board has two bi- requires that A15 and A14 both 

nary 7493 counters, U45 and be low, which means that only 

U46, which continuously count addresses starting with 00 bits 
up during operation. Six of their will generate BRDSEL. This 
outputs are fed through U47, an- covers hex addresses from 

other 8T97, to six of the IC ad- $0000 up to $3FFF, or the first 

dress lines. This path, shown in 16K. 



. 74LS32 NO CHANGE NO CHANGE 

(JUMPER E4.32K) (JUMPER E4, 32K) 

(A) 48K MODIFICATION (B) 64K MODIFICATION 

fig. 7, BRDSEL modification. 


With the jumper In the 32Kpo- the board for a nonstandard 
sitlon, A14 Is taken out of the cir- memory configuration, 

cult, to give the result of Fig. 5b. 

Now bit A14 is no longer impor- Modifications 
tant, and only A15 has to be 0. Up until now, we have just 
This enables the board for all ad- looked at how this board works, 

dresses starting with a 0 bit, or From now on, I’ll discuss how to 

hex addresses $0000 through change it. Do not make any 
$7FFF. Extending this board changes to this board unless 
past 32K means modifying this you fully understand what’s in- 
circuit too. volved and are thoroughly famll- 

Finally, look at the top right iar with digital circuits and the 
corner of Fig. 1. This circuitry operationof your system. I don’t 
generates four signals, which want to get a batch of broken 
SWTP calls RAS1, RAS2, RAS3 memory boards in the mail to 
and RAS4.1 think a better name fix! 

would be GPI through GP4, for Once again, you are on your 
Group 1 through Group 4, since own. 1 do not guarantee any of 

these signals select a group of the following modifications. I 

eight ICs on the board. As Fig. 6 have only made the one modifi- 

shows, the 32 memory ICs on cation to extend my board to 

the board are placed there in 48K; all other changes de- 

four vertical groups of eight. The scribed are based on an analy- 

GP1 signal selects the eight ICs sis of the circuit diagram fur- 

of Group 1, and so on. In this nished by SWTP, not on actual 

way, any memory read, write or experience with this board, 

refresh only affects one group BRDSEL modifications. The 
of ICs at any given time. BRDSEL circuit is set up for 

When a board is used with either 16K or 32K addressing. If 

just 16K of memory, 16 ICs are you are extending the board to 

instalied in Group 1 and 2 sqck- 48K or 64K, see the mods shown 

ets; Group 3 and 4 sockets are in Fig. 7. 

empty, in this case, the board is Break the path bringing aT5 



disabled when A14 is high, so 
the M4 input to U40B, which 
eventually winds up at U50 to 
generate the GP signals, does 
nothing. Only GPI and GP2 sig¬ 
nals are generated. In a 32K 
board, A14 is used, so the board 
generates all four GP signals. 
This is another circuit that may 
have to be changed if we modify 



from U43, pin 9, to U42, pin 1. For 
48K, add a 74LS32 OR gate as 
showii, and for 64K just connect 
U42, pin 1, to pin 2. In both 
cases, use jumper E4, set for 
32K operation. 

In Fig. 7a, pin 1 of U42 will be 
high whenever either A15 or aT 4 
is high, which means that either 
A14 or A15 must be a 0. This cor¬ 
responds to all addresses from 
$0060 through $BFFF. Both of 
these address bits are 1 only for 
addresses above $C00p. 

In Fig. 7b, A14 and AT5 are 
both disconnected from U42, 
and pins 1 and 2 are both held 
high through jumper E4. Thus, 
the board will be selected all the 
time, regardless of the address. 


Fig. 6. IC placement on the GP (group) select modifica- 


Fig. 5. BRDSEL Board Select logic for 16K and 32K. board. 


tions. Modifications to the GP 
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Fig. 8. Modifying the GP cir¬ 
cuits for a 32K board using 24 
ICs. 

circuit are more complicated be¬ 
cause they depend on exactly 
how you configure the board. 
Let's discuss a couple of possi¬ 
bilities. 

1. 32K board using only 16 
good fCs. Plug all the good ICs 
into Group 1 and 2 sockets, 
leave Group 3 and 4 sockets 
empty. Break the path from 
U40B, pin 6, to U50, pin 3, and 
ground pin 3. Doing this dis¬ 
ables the GP3 and GP4 signals 
and selects Group 1 when A14 is 
a 0 and Group 2 when A14 is a 1. 

2. 32K board using 16 bad ICs 
and eight good ICs. Plug the 16 
bad ICs Into Group 1 and 2 sock¬ 
ets, plug the eight good ICs Into 
Group 3, then cut the paths to 
U50, pins 11 and 12, and insert 
an AND gate as shown in Fig. 8. 
Pins 11 and 12 formerly pro¬ 
duced the GP3 and GP4 signals. 
Now whenever either of these 
signals is low, the AND gate will 
produce GP3 and enable the 
good ICs plugged into the Group 
3 sockets. 

3. 48K board using 16 bad ICs 
and 16 good ICs. Plug the 16 
good ICs Into Group 1 and 2 and 
plug the 16 bad ICs Into Group 3 
and 4 sockets. Don’t change any 
wiring in the Group selection cir¬ 
cuitry. 

4. 64K board using 32 good 
ICs. Plug the good ICs into all 
sockets and make no changes 
in the Group selection circuits. 

Upper/lower half bit selection. 
Jumpers El and E2 select which 
half of the memory ICs you use. 
With a standard board, only the 
upper or lower half is used. For 
this reason, the jumper at the in¬ 
put to pin 12 of U51 normally al¬ 
ways supplies either 0 or 1 as 
the selection bit. As soon as you 
start using some good memory 
ICs and want to use both the up¬ 
per half as well as the lower half, 
you must remove this jumper 
and supply an address bit there 
instead. Again, there are many 


possibilities, depending on ex¬ 
actly what board configuration 
you use. 

1. 32K board with 16 good 
ICs. Remove jumpers El and E2, 
and instead connect U51, pin 12, 
to U43, pin 7. This connects AH 
to this bit and uses one half of 
memory in the lower 16K (when 
A14 Is 0) and the other half in the 
upper 16K (when A14 is 1). 

2. 32K board with 16 bad ICs 
and eight good ICs. This modifi¬ 
cation is done In two ways, de¬ 
pending on whether your bad 
ICs have a good lower half or 
good upper half. 

a. Good lower half (jumper E2 
was originally installed). Re¬ 
move both El and E2 and con¬ 
nect a NOR gate as shown in 
Fig. 9a. With this mod, if either 
A14 or A13 Is 0, this extra ad¬ 
dress bit will be 0 and the lower 
half will be used. If both A14 and 
A13 are 1 (which includes ad¬ 
dresses $6000 through $7FFF), 
then we will use the upper half 
of the good ICs. 

b. Good upper half (jumper 
El was originaliy installed). Re¬ 
move both El and E2 and con¬ 
nect an OR gate as shown In Fig. 
9b. this does the opposite of the 
above and uses the upper half 
everywhere except between ad¬ 
dress $6000 and $7FFF. 

3. 48K board with 16 good ICs 
and 16 bad ICs. This again de¬ 
pends on which half of the bad 
ICs is good. 

a. Good lower half (jumper E2 
originally installed). Remove 
both El and E2 and connect pin 
12 of U51 to A15 at U43, pin 10. 
This selects the lower half of all 
ICs for the first 32K and then se¬ 
lects the upper half of the good 
ICs for the last 16K. 

b. Good upper half (jumper 
El originally installed). Remove 
both El and E2 and connect pin 
12 of U51 to AT5 at U43, pin 9. 
This does the exact opposite of 
the above. 

4. 64K board using 32 good 
ICs. Remove both El and E2 and 
connect pin 12 of U51 to A15 at 
U43, pin 9. This uses the upper 
half of all ICs for the first 32K 
and the lower half for the sec¬ 
ond 32K. 

Another interesting possibil¬ 
ity is to configure the 64K board 
as two 32K boards with bank 
switching under program con¬ 


trol. If you remove both El and 
E2, and instead connect pin 12 
of U51 to a PI A output pin, then 
you can switch from the lower 
32K to the upper 32K under pror 
gram control. This allows you to 
hold a different program in each 
32K, and under program control 
switch from one to the other. 

One use is time-sharing. One 
32K “board” could hold a BASIC 
Interpreter and user program; 
while the other could hold PILOT, 
for instance. A timer could gen¬ 
erate interrupts at periodic inter¬ 
vals, and an interrupt service 
routine in high memory—an 8K 
board at address AOOO-BFFF, 
for Instance—could switch from 
one to the other at every inter¬ 
rupt. This is similar to what 
SWTP does with their multi-user 
board, except they switch only 
the lower 4K of memory. By 
swapping an entire 32K block, 
we could switch not only users, 
but also languages. If this were 
done right, both users could ac¬ 
cess disk files or run programs 
without even being aware of 
each other’s presence on the 
system. 

Refresh circuit modifications. 
As I mentioned before, the orig¬ 
inal SWTP 32K circuit only re¬ 
freshes the “good” half of mem¬ 
ory. As soon as you expand the 
board in any configuration other 
than Its standard one, you must 
change the refreshing circuitry. 

Forgetting to do this gives 
some interesting effects. Al¬ 
though dynamic memory 1C 
spec sheets specify refreshing 
every two milliseconds, in most 
cases the 4116 RAMs will re- 

\ ■ TO U5I 

12 

rji/ GOOD LOWER HALF 


member data for a second or 
two. It’s strange to use the M 
command of the monitor to load 
something into a location, see it 
there and a few seconds later 
find It’s gone. 

To make this modification, 
first disconnect the 8KSELE sig¬ 
nal from U51, pin 15, and con¬ 
nect pin 15 instead to RAE at 
U48, pin 1. Substituting RAE in¬ 
stead of 8KSELE lets the seventh 
bit from U51 provide an actual 
memory address, but discon¬ 
nects It from the memory ICs 
during refresh. 

Then add the circuit of Fig. 10 
to provide this bit during refresh¬ 
ing. This circuit adds a 7473 flip- 
flop to the refresh counter; this 
lengthens the refresh counter 
so it can provide a seven-bit row 
address. The 74367 (or equiva¬ 
lent) Tri-state buffer then con¬ 
nects that bit to the seventh 
memory addrqss line during re¬ 
freshing. 

If you are using 16 good ICs to 
provide 32K of memory, then 
this circuit is srmpler. As you 
can see in Fig. 1, breaking the 
path from U40B, pin 6, to U50, 
pin 3, takes U40B out of the cir¬ 
cuit; in essence' this prevents 
one bit of the refresh counter 
(pin 9 of U45) from being used. 
This bit can now be used instead 
of having to add the 7473 flip- 
flop shown in . Fig. 10. Simply 
omit this flip-flop and connect 
directly from U45, bit 9, to pin 2 
of the 74367 (or equivalent) 1C 
that you are adding. 

How to Make These Changes 

I have found several useful 

AI4 X \ TO U5I 
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Fig. 9. Bit selection for 32K board with 24 ICs 
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Fig. 10. Refresh counter addition. 
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tricks in modifying this board. I 
cut a circuit trace in two spots, 
about 1/8 inch apart, by cutting 
through with a razor blade. 
Then, to make sure that the 
break is really there, I scrape off 
the disconnected piece of cop¬ 
per between the two cuts with 
the hot tip of a soldering iron. 
This leaves a clean break that Is 
easy to see if you want to repair 
it at some later time. 

There is a spare 16-pln 1C po¬ 
sition in the upper left corner of 
the board into which you can 
mount an extra new 1C you may 


want. As to the others, I general¬ 
ly put a pot of hot-melt glue on 
the top of an 1C and then tack It 
down, pins up, against the un¬ 
derside of the board. In this 
case, I tacked them down right 
under an existing 1C, making 
sure to position them in the 
same direction as the ICs they 
were under. The 74367 (which is 
pin compatible with the 8T97 it 
was mounted under) had its pin 
7 and pin 14 (ground and Vcc 
power) connected with short 
wire jumpers to the same pins of 
the 1C Just above. This pro¬ 


cedure makes power connec¬ 
tions a breeze. 

For wiring, I use a combina¬ 
tion of wire-wrapping and sol¬ 
dering. 1 use a hand wire-wrap 
tool and some pre-cut wrap-type 
wire (available in a combination 
package from O.K. Machine and 
Tool Corp., 3455 Conner St., 
Bronx NY 10475). I wind two or 
three turns of the wire around 
one of the 1C pins with the tool, 
cut off the excess and then put a 
spot of solder on to hold it. I then 
tack-solder the other end of the 
wire to the appropriate spot on 


the board. This has worked out 
well in a lot of projects. 
(Although many people like the 
kind of wire whose insulation 
melts when you solder It, I feel 
that it takes too much heat to 
melt it... too dangerous to 
fragile boards and com¬ 
ponents.) 

Now that we have examined 
the various ways to modify your 
32K memory board you may 
wonder what you can do with it. 
Next month we will look at the 
many factors that determine its 
operation. ■ 
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Of real-time clocks, video boards and EPROMs. 


Thoughts on the 68XX System 

By Peter A. Stark 


T he suggestion has been made that 
I rename this series, as it really 
covers much more than just the 
SWTP computer system. Thus the 
new name, which more adequately 
describes the fact that most of the ma¬ 
terial in these columns applies not 
just to SWTP mainframes, but to 
6800, 6802 and 6809 systems made 
by others as well. 

Real-Time Clock 
January's installment described a 
status line on a video board display, 
and mentioned several uses for such 
a line. Let's follow that up a bit more. 

There are various status line dis¬ 
plays which do not require a real¬ 
time clock—for instance, a disk oper¬ 
ating system could be easily patched 
to display the drive, track and sector 
numbers in a particular spot on the 
video screen each time it reads or 
writes a sector. 

On the other hand, a real-time 
clock simplifies the display of other 
status information. For that reason 
we should examine what it is. 

There is a difference between a 
clock and a real-time clock. A clock 
shows the actual time; a real-time 
clock only indicates passing time. A 
real-time clock can be compared with 
a metronome—it ticks like a clock, 
but it doesn't have a display to show 
the current time. However, we can 
figure out how much time has passed 
from any beginning point by count¬ 
ing how many ticks we have heard. 


An actual clock board is quite a bit 
more complicated than a real-time 
clock. Several clock boards are avail¬ 
able (one is the Microtime board 
available from several dealers; others 
are available from JPC Products, PO 
Box 5615, Albuquerque, NM 87185, 
and Robertson Electronics, 1003 
Warm Sands Drive, SE, Albuquer¬ 
que, NM 87123). A calendar clock 
circuit for the 6800 was described in 
the June 1980 Kilobaud Microcomput¬ 
ing (p, 188). 

Each of these circuits uses a series 
of counters like those in a digital 
watch, which count up by one each 
second and provide a constant read¬ 
out of the current time. In order to 
avoid losing time when the power is 
off, most such circuits allow a battery 
to power the counters so they can 
continue to run when the rest of the 
computer is shut down. Once such a 
clock is set, it continues to indicate 
the actual time in hours, minutes and 
seconds (and sometimes the date as 
well). 

A real-time clock, on the other 
hand, does not indicate the time di¬ 
rectly. Instead, it provides ticks 
which can be used to compute the 
time if desired (assuming that the 
time between ticks is precisely 
known and controlled). 

These ticks generally cause IRQ in¬ 
terrupts, which cause the 6800 to 
temporarily suspend normal pro¬ 
gramming and jump to an interrupt - 
service subroutine (ISS). 


When such an interrupt arrives, it 
can be used to compute current time, 
display some system variables or 
switch between tasks in a multipro¬ 
gramming system (which is a concept 
we discussed in the October 1980 in¬ 
stallment). 

A real-time clock is more than just 
an oscillator which pulses the IRQ 
line. It does do that, of course, but it 
also has circuitry which can turn the 
clock on and off, so that it does not 
start to generate clock pulses until the 
system has an ISS in place and ready. 
Moreover, since the 6800 might inter¬ 
rupt more than once if the clock pulse 
were wide enough, the clock board 
must have circuitry which provides a 
pulse long enou^ to be detected 
even if the 6800 is busy with another 
job and has its interrupt system tem¬ 
porarily disabled, but turns off the 
IRQ pulse as soon as the 6800 is actu¬ 
ally interrupted. Thus, a real-time 
clock usually consists of several ICs. 

SWTP makes a real-time clock 
called an MP-T timer, which is pro¬ 
grammable and can cause interrupts 
(ticks) to occur at a wide range of pre¬ 
cisely controlled intervals. However, 
if you want to experiment with a real¬ 
time clock, but don't need such pre¬ 
cise timing, you can use a spare MP-S 
serial interface board. (Make sure 
that it has an IRQ jumper installed.) 

When a character is sent to the 
ACIA in the MP-S by the 6800 proces- 

PeterA. Stark, PO Box209, Mt. Kisco, NY10549. 
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sor, the ACIA sends it out in serial- 
one bit at a time—at the baud rate se* 
lected by the jumpers on the board. 
When it has finished sending the 
character, it turns on the TDRE 
(transmitter data register empty) bit 
in its status register. This is how soft¬ 
ware generally knows when it is time 
to send the next character. If the 
MP-S is set to 300 baud, for example, 
then the TDRE bit will come on 1/30 
second after the ACIA receives a 
character from the 6800. 

If, however, the ACIA is properly 
initialized, it can also generate an in¬ 
terrupt at the same time that TDRE 
goes on. Consequently, we can use an 
ACIA to generate a fixed time delay, 
and then cause an interrupt. If we re¬ 
start the ACIA as soon as we receive 
that interrupt, then it will start all 
over again. Thus, it can provide a 
constant series of ticks. It need not ac¬ 
tually have any I/O device connected 
to it to do this; in fact, it's better if it is 
an extra MP-S board in some other¬ 
wise unused slot. 

Depending on how the ACIA is ini¬ 
tialized, we do have some control 
over the time interval between ticks. 
This time depends on the baud rate, 
the number of bits in each character, 
and the clock divisor used by the 
ACIA. We'll leave the fine points to 
you, and consider just a simple case. 

Let's assume that we have an MP-S 
card in port 0; the ACIA uses address 
8000 for its control and status regis¬ 
ter, and address 8001 for data. To ini¬ 
tialize the ACIA to turn its interrupts 
on, we place $35 into the control reg¬ 
ister (location 8000); to turn inter¬ 
rupts off, we replace it with $15. 

If we turn on the ACIA's interrupt 
system and then start the ACIA by 
placing a data character into its data 
register, location 8001, it will output 
that character in serial. When it is 
finished, it turns on the TDRE bit in 
the status register (location 8000), 
sends out a low pulse on the IRQ line 
to the 6800 and turns on the IRQ bit, 
bit 7, in the status register (location 
8000). A program can test this bit to 
check whether the interrupt came 
from the ACIA or somewhere else. 

Listing 1 shows an actual program 
which makes use of this idea. The 
program consists of two parts—an 
initialization routine which starts the 
ACIA going, and an ISS which is 
called at each tick, and which (among 
other things) restarts the ACIA. 

At location BOOO, the program re¬ 
sets the ACIA by storing 03 into it; the 
ACIA does not have a reset pin and so 


must get reset by software when first 
starting up the system. 

At location B005, the program 
stores the address of ISS into address 
AOOO, which is the monitor's IRQ 
vector. This means that when an IRQ 
occurs, the monitor will steer the 
computer to execute the ISS program, 
and thus start the interrupt service 
subroutine. 

After some more initializing (more 
on that later), at location BO IE we 
store a $35 into the ACIA's control 
register to enable its interrupts. This 
is followed by sending out character 
$FF to be printed. Although any char¬ 
acter could have been chosen, the 
$FF is a rubout which will not be 
printed even if you have a printer 
connected to the ACIA. (However, a 
word of caution—although the ACIA 
can have an I/O device connected to 
it, that device must not be used while 
we are using the MP-S port for a real¬ 
time clock!) 

Finally, a CLI instruction enables 


the interrupt system in the 6800 (it is 
preceded by a NOP, since some earli¬ 
er 6800 ICs did not work properly un¬ 
less CLI and SEI instructions were 
preceded by NOPs). 

At this point, we assume that the 
initialize routine returns to whatever 
program called it, and this program 
continues. 

When the ACIA has finished out- 
putting, however, it generates an in¬ 
terrupt. As a result, the above pro¬ 
gram is interrupted, and the comput¬ 
er comes to the interrupt service sub¬ 
routine at the entry point ISS. 

Since interrupts can come from 
several.places in the computer, we 
begin by testing whether it in fact 
came from where we think it came 
from. This is done at location B02B, 
where we load the status bits from 
the ACIA, move the leftmost bit (the 
IRQ bit, bit 7) into the carry bit and 
continue to OK if the carry is set. 

If the carry is not set, the interrupt 
came from elsewhere. In that case. 


Listing 1. MSCAN program. 


KIAM HSCAN 

♦. THIS PROGRAM PRODUCES A MEMORY USAGE HAP 
* IN.THE VIDEO STATUS LINE. 


* EXTERNAL REFERENCES 


»AOOO) 

IRQ 

EQU 

$A000 

IRQ VECTOR 

• 8000) 

ACIA 

EQU 

$8000 

PORT 0 ACIA 

< E07E) 

PDATA 

EQU 

$E07E 

PRINT STRING ROUTINE 

•E0E3) 

HONITR 

EQU 

$E0E3 

MONITOR RETURN POINT 

•D800 > 

SCRAM 

EQU 

$D800 

SCREEN RAM START 

t DOlO) 

TOP 

EQU 

$D010 

USABLE RAM TOP ADDRESS 


* INITIALIZE AND START DISPLAY ROUTINE 

•: BOOO) 


ORG 

$B000 


BOOO 86 03 

INITL2 

LDA 

A «$03 


B002 B7 8000 


3TA 

A ACIA 

RESET ACIA BEFORE STARTING 

B005 CE B02B 


LDX 

ttISS 


BOOS FF AOOO 


3TX 

IRQ 

INITIALIZE INTERRUPT POINTER 

BOOB CE D800 


LDX 

HSCRAM 

POINT TO START OF SCREEN RAM 

BOOE FF B073 


STX 

PREV 

INIT PREVIOUS POINTER 

BOll 86 20 


LDA 

A tt$20 

GET A SPACE 

B013 A7 00 

ERASE 

3TA 

A OyX 

ERASE NEXT BYTE 

B015 08 


INX 



B016 SC D850 


CPX 

it$D850 

END OF LINE? 

B019 26 F8 


BNE 

ERASE 

NO 

BOIB FF DOlO 


STX 

TOP 

yes; reserve a line 

BOIE 86 35 


LDA 

A «$35 

INIT ACIA CR TO 00110101 

B020 B7 8000 


STA 

A ACIA 


B023 86 FF 


LDA 

A #$FF 


B025 B7 8001 


STA 

A ACIA+l 

START ACIA ACTION 

B028 01 


NOP 



B02? OE 


CLI 


ENABLE INTERRUPTS 

802A 39 


RTS 




X INTERRUPT SERVICE 

SUBROUTINE 

B02E B6 8000 

ISS 

LDA 

A ACIA 

TEST FOR INTERRUPT 

B02E 48 

B02F 25 19 


ASL 

BCS 

A 

OK 

IF CAUSEIi BY TIMER 
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Listing 1 continued. 





B031 

86 

15 


LDA 

A 

#415 

TURN OFF ACIA INTERRUPT 

B033 

B7 

8000 


3TA 

A 

ACIA 


B036 

CE 

B03F 


LDX 


ttERRMSG 

OTHERWISE PRINT ERROR MESSAGE 

B039 

BD 

E07E 


JSR 


PDATA 


B03C 

7E 

E0E3 


JMP 


MONITR 


B03F 

41 


ERRHSG 

FCC 


'ACIA ERROR' 

B049 

04' 



FCB 


4 


B04A 

30 


OK 

TSX 



TRANSFER STACK PTR TO INDEX 

B04B 

E6 

05 


LDA 

B 

5fX 

GET PC HI 

B04D 

S'* 



LSR 

B 



B04E 

54 



LSR 

B 


MOVE MSB TO RIGHT 

B04F 

54 



LSR 

B 



B050 

54 



LSR 

B 



B051 

FI 

B074 


CMP 

B 

PREV+1 


B054 

27 

17 


BEQ 


SAME 

SKIP IF SAME AS PREV 

B056 

FE 

B073 

\ 

LDX 


PREV 

POINT TO PREV DIGIT 

B059 

86 

20 


LDA 

A 

«$20 


B05B 

A7 

00 


3TA 

A 

OfX 

ERASE IT 

B05D 

F7 

B074 


STA 

B 

PREV+1 

POINT TO NEW LOCATION 

B060 

CB 

30 


ADD 

B 

#$30 

CHANGE DIGIT TO ASCII 

B062 

Cl 

3A 


CMP 

B 

#$3A 

IS IT 0-9? 

B064 

25 

02 


BCS 


NUMBER 

YES 

B066 

CB 

07 


ADD 

B 

#$07 

NOf CHANGE TO A-F 

B068 

FE 

B073 

NUMBER 

LDX 


PREV 

POINT TO NEW LOCATION 

B06B 

E7 

00 


STA 

B 

0»X 

MODIFY IT 

B06D 

86 

FF 

SAME 

LDA 

A 

#$FF 

RESTART ACIA 

B06F 

B7 

8001 


STA 

A 

ACIA+1 


B072 

3B 



RTI 



AND RETURN 

B073 



PREV 

RMB 



POINTER TO PREVIOUS LOCATION 





END 
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we turn off the ACIA interrupt sys¬ 
tem by putting $15 into it (at location 
B031), print an error message and 
jump to the monitor. 

If the interrupt really came from 
our real-time clock, then we continue 
at OK. After some more processing, 
we restart the ACIA by sending an¬ 
other $FF to it in location B06D, and 
execute an RTI, or return from inter¬ 
rupt. This returns to the main pro¬ 
gram, which will, execute until the 
next interrupt tick comes. In this 
case, we get about 30 interrupts per 
second if the ACIA is set for 300 
baud. 

This explains how we can use an 
extra MP-S interface's ACIA as a sim¬ 
ple real-time clock. Now what can we 
do with it? 

Program MSCAN 

January's article showed how to re¬ 
serve an extra status line on a Percom 
video board display. The same idea 
can be applied to any of the many 
other video boards available. Listing 
1, called MSCAN, is a program which 
makes use of this to produce a mem¬ 
ory usage map as other programs are. 
running. 

This is a display in the top left cor¬ 


ner of the screen which indicates 
what addresses are currently being 
used by the running program. When 
a program which is located in the 
range of 1000-IFFF is running, for 
example, the screen shows the dis- 
play 

.1 . 

(except that the screen has blank 
spaces rather than periods). If a pro¬ 
gram located up in the 6000 area is 
running, then the display is 

.. 6 . 

If the programs were rapidly jumping 
back and forth to each other, then the 
display would be 

.... 

with the 1 and 6 flashing alternately. 
By observing this kind of display, we 
can get an idea whether programs are 
running correctly. 

In this particular version, we as¬ 
sume that the screen RAM starts at 
location D800 (which is called 
SCRAM in the program) and that the 
top line is reserved for status. Loca¬ 
tions D800-D84F are used for status, 
and the regular display starts at 
D850. The video driver we described 
in January requires that location 
DO 10 be set to D850 to achieve this. 

With this as a background, let's see 
how the program works. 

During initialization, the SCRAM 
address of D800 is placed into loca¬ 
tion PREV, which is used to indicate 
the previous digit displayed in the 
map. 

The next part of the program, at lo¬ 
cation B011-B019, erases the 80-byte 
top line of the display, and then the 
number D850 is placed into TOP to 
tell the video driver not to use the top 
line. All of this is, of course, sand¬ 
wiched between the ACIA initializa¬ 
tion we discussed earlier. 

Each time an interrupt occurs, the 
computer goes to the ISS routine. Af¬ 
ter some preliminaries, it reaches OK 
at location B04A, where the TSX in¬ 
struction moves the contents of the 
stack pointer (plus 1) into the index 
register. Five bytes up is the first half 
of the program counter, which tells 
us the address of the instruction 
which would have been performed 
next had there been no interrupt. 
This is loaded into the B register. 

A series of LSR (logical shift right) 
instructions moves the leftmost hex 
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CLEAR PLASTIC CASE-Holds 50 SV. "diskettes $19 


COMPLETE SYSTEMS 

ALTOS ACS8000 Computers $ CALL 

APPLE IM6K $1075 • APPLE III ^GK $3749 

Call for other Apple products 


TRS-80* Model li-64K $3499 • Model liM6K $899 

Used TRS-80* Model I Computers, tested and guaranteed $CALL 


ZENITH Z89,48K all-in-one computer 
ZENITH Z19 
TELeVIDEO 920C 
ATARI 400 $479 
APF Game Only $95 
MATTEL INTELLIVISION 


$2395 
$735 
$748 

ATARI 800 $769 
Complete System $489 
$229 


MONITORS 


LEEDEX 

12*B&WVideo 100 

$129 

ZENITH 

13* Color 

$379 

SANYO 

9*B&WVM4509 

$155 

SANYO 

12* B&W DM5012 

$226 

SANYO 

12* Green Screen DM5112 

$238 

SANYO 

13* Color DMC6013 

$416 

APF 

9*B&WTVM-10 

$120 


NEC Spinwriter 

Letter Quality High Speed Printer 
Includes TRS-80* Interface software, quick 
change print fonts, 55 cps, bidirectional, 
high resolution plotting, graphing, propor¬ 
tional spacing: R.O. $2395 

R.O. with Tractor Feed $2595 KSR with Tractor Feed $2895 

C.ITOH Starwiiter, 25 CPS, daisy wheel printer $1795 

C.rrOH Starwiiter II, 45 CPS, daisy wheel printer $1995 

Letter quality printers. Use up to 15* paper. 1 year warranty on 
parts. 3 months on labor. Proportional spacing and bidirectional 
printing. Same as VISTA V300. 

EPSON MX-80 $CALL 

PAPER TIGER IDS 445 Graphics and 2K buffer $699 

IDS 460 Bidirectional, 160 cps, graphics and 2K buffer $1050 

IDS 560 132 Columns, graphics $1599 

ANADEX DP-9500/01 $1345 DP-8000 $849 

OKIDATA Microline 80 Friction and pin feed $499 

Tractor Feed, friction, and pin feed $625 

Microline 82 Bidirectional, friction and pin feed $719 

Microline 83 Bidirectional, 120 cps, uses up to 15* paper $995 
CENTRONICS 

737 Friction & pin feed $780 

730 Friction & pin feed $595 

779 Tractor feed $969 

EATON LRC 7000 -H 64 columns, plain paper $269 

TI-810 Includes TRS-80* software and 
Compressed print, vertical form control $1865 


PRINTERS 



16K RAM KITS 2 for $56 $30 

200 ns for TRS-80*, Apple II, (specify): Jumpers $2.50 

ACCESSORIES 

Z-80 SOFTCARD: Your key to software expansion. The plug¬ 
in Z-80 Softcard transforms your Apple into a Z-80 while 
keeping all the benefits of the 6502. Comes with CP/M in 
two disk format, MBASIC and GBASIC, full documentation 


and utility programs. $339.00 

SCOTCH HEAD CLEANING DISKETTE: Cleans drive 
Read/Write head in 30 seconds; specify 5 V4 * or 8 *. $25.00 

FLOPPY SAVER: Protection for center holes of 5V4* floppy 
disks. Installation tools and rings for 25 diskettes. $ 11.95 

Re-orders of rings only $ 6.95 

VIDEX BOARD 80 Column, U/L case conversion card $279.00 
CRT FILM: Helps eliminate external glare, 9* $ 29.00 

RFMODULATOR: Adapts video to TV $ 29.00 

TRS-80 & OTHER MYSTERIES $ 18.95 

NEC SPINWRITER THIMBLE $11.95 RIBBON $ 6.00 

CCS CARDS: Parallel or serial printer Interface cards $115.00 
RS232: For Radio Shack Interface. $ 84.00 

DISK-DRIVE EXTENDER CABLES: Fits all mini-disk drives. $ 16.95 
SIX (6) PRONG ISOLATOR: ISO-2 $ 54.00 

AC FILTER/6 PRONG POWER STRIP $ 39.00 

DISK DRIVE CABLES: 2 drive $29.00 4 drive $ 35.00 

DUST COVERS: TRS-80/Apple $ 7.95 

PLASTIC DISKETTE HOLDER: For ring binder, holds 20 $ 8.00 


TELECOMMUNICATIONS 

LIVERMORE STAR MODEM 2-year guarantee 
UNIVERSAL DATA SYSTEMS UDS-103 
D-CAT HARD WIRED DIRECT MODEM 
AUTO-CAT Auto Answer, Direct Connect Modem 


$145 COMMUNICATIONS SOFTWARE 

$179 CCI-TELNET COMMUNICATIONS PACKAGE: 

$189 Communications with mainframes and micros. CP/M 

$229 compatible $149.00 


For fast delivery, send certified checks, money orders or call to arrange direct bank wire transfers. Personal or company checks require two 
to three weeks to clear. All prices are mail order only and are subject to change without notice. 


DEALER (NATIONAL/INTERNATIONAL) INQUIRIES INVITED Send fof FREE Catalogue 


I CU^D ORDER CALL TOLL FREE 1-800-343-6522 

I riw 3in^^iT256 710-348-1796 Massachusetts Residents call 617/242 

5 Dexter Row, Dept. K03M Technical Information call 617/242-3361 

Charlestown, Massachusetts 02129 Massachusetts Residents add 5% Sales Tax 

Hours 10AM-6PM (EST) Mon.-Fri. (Sat. till 5) Tandy Corporation Trademark/^" Digital Research 
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digit to the right, and it is now com¬ 
pared with the right byte of PREV. 
Because the screen memory starts at 
an even boundary of D800, if the PC 
started with 0 we want to display 0 at 
location D800, and so on, up to F at 
location D80F if the PC started with 
F. 

Since PREV points to the previous 
digit's location, we can look at its 
rightmost byte to determine what 
digit is currently being displayed. If it 
is still the same, the program simply 
goes to SAME, resets the ACIA and 
exits. By not updating the screen 
. when the display is not changing, we 
avoid unnecessary flicker. 

If the new PC address starts with a 
different digit from the previous one, 
then we update the display. First, at 
B056 we point the index register to 
the location of the previous digit and 
then replace it with a space to erase 
it. Then we change PREV by storing 
the leftmost digit of the PC (which 
has been in the B accumulator all this 
time) into its second byte. The next 
few instructions convert this digit in¬ 
to ASCII. Finally, at location B068, 
we point the index register to the new 
location (which is now in PREV) and 


store the new ASCII character in that 
spot. Then we restart the ACIA and 
return from the interrupt to the main 
program. 

Variations on this program can be 
used to display other useful facts in 
the status line of the display; just add 
the additional steps where SAME is. 

Even if keeping a status line is of no 
interest to you, if you have a video 
board then this is a simple program 
which can give you a little experience 
using interrupts. 

Programming the 2732 EPROM 

The 2732 4Kx8 EPROM (which is 
not the same as TI's TMS-2532) is suf¬ 
ficiently similar to the 2716 that it can 
be programmed with the SWTP MP-R 
programmer. Only three wiring 
changes and some program changes 
are required. (I covered 2708 pro¬ 
gramming on p. 82 of the February 
1980 issue of Kilobaud Microcomput¬ 
ing.) 

The 2732 pin functions differ from 
the 2716 in several ways. First, pin 21 
(which is called Vpp on the 2716 and 
gets -^25 V during programming) 
now gets All, an additional address 
bit. To implement this change, cut 


the copper trace which goes from di¬ 
ode D1 to pin 21 of the EPROM sock¬ 
et and also cut the trace connecting 
R7 to pin 12 of ICS. Then connec' 
EPROM pin 21 to ICS, pin 12, an 
connect the cut lead of R7 to ICS, pii 
9. (This changes the control bit for the 
-I- 5 V supply, but that is taken care of 
by software.) 

Next, pin 20 of a 2716 is an active 
low chip select, whereas pin 20 of a 
27S2 is a combination OE/Vpp pin 
which is to be low normally, but at 
-f-25 V during programming. To im¬ 
plement this change cut the trace 
connecting pin 20 of the EPROM 
socket to ICS, pin 5, and connect pin 
20 instead to the anode side of diode 
D2. 

Next, make sure that a 0.1 uF disk 
capacitor has been installed in paral¬ 
lel with R6, as instructed in an adden¬ 
dum to the SWTP instruction sheets. 

One more caution is in order. The 
Intel 27S2 EPROM requires -i-25 V 
for Vpp, which is supplied by the 
MP-R board. However, the Intel 
27S2A EPROM (note the A after the 
27S2!) requires only 21V and can be 
damaged if more than 21.5 V is ap¬ 
plied. If you are using the 27S2A, you 



TOLL FREE ORDERING 


These Fine r 
Products and More 


NORTHSTAR 

HRZ1-32K D .$1990 

HRZ2-32K-D . 2295 

HRZ2-32K Q. 2690 

HARD DISC SYSTEM. 3935 

DYNABYTE 

DB8/1 48K.$2395 

DB8/2 48K. 3900 

DB8/4. 3030 

32M PHOENIX.11800 

TERMINALS 

TELEVIDEO 912C. 698 

TELEVIDEO 920C. 748 

SOROC IQ-120. 695 

PRINTERS 

NEC5510 (w TRACTORS).. 2575 
NEC 5520 (w TRACTORS). . 2900 

TI-820 . 1640 

TI-810. 1495 

AN ADEX DP-9500 . 1345 

CENTRONICS 737. 850 

EPSON TX80.CALL 


MORROW 

DISCUS 2D 2 DRIVE. 1550 

DISCUS2 2 1 DRIVE. ... 1265 

DISCUS M26 HARD DISC-. 3990 
SOLID STATE MUSIC KIT Asm 

CB2Z80CPU. 200 265 

VB1C VIDEO. 140 190 

SB1 SYNTHESIZER ... 195 270 

MEASUREMENT SYSTEMS 
MEMORY 

DM3200 32K4MHz. 480 

DM6400 64K4MHZ. 595 

DMB6400 64K 4MHz 

BNKSEL. 745 

SOFTWARE-DISCS 
NORTHSTAR SOFTWARE .CALL 

WORDSTAR. 350 

DATASTAR . 250 

MAGIC WAND. 290 

GRAHAM-DORIAN.CALL 

STRUCTURED SYSTEMS . .CALL 

5" DISCS. .27 

8* DISCS.35 


WE WILL TRY TO BEAT ANY ADVERTISED PRICE 

Automated Equipment Inc. 

1 18430 Ward »^96 

Fountain Valley, CA 92708 L 

(714) 963-1414 (800) 854-7635^ 


Computers Terminals Modems 

We are the stocking terminal distributor offering full service, 
on-site maintenance coverage. 



CRT’S 


Perkin-Elmer Bantam 550B 

$749 

Perkin-Elmer Super Owl 1260 $1799 

Microterm Act VA 

779 

Microterm Mime HA 

819 

IBM 3101 Model 10 

1191 

IBM 3101 Model 20 

1375 

Dec VT100 

1699 

Televideo 912C 

799 

Televideo 920C 

839 



Hardcopy Terminals 


DEC LA34AA 

939 

DEC LA34DA 

1149 

Teletype Model 43 KSR 

1049 

NEC Spinwriter 5520 

3088 

with RS232C and connector cable 

Typewriter quality with Tractor, 



ribbon, thimble 



Printers 


Perkin-Elmer 650/655 CRT 

999 

NEC Spinwriter 5510 

2754 

Screen Printer 


Typewriter quality with Tractor, 

100 CPS 


ribbon, thimble 


Microline 80 

594 



Centronics 737 

828 

Centronics 779 

1068 

call for other Centronics models 



Modems 


Bell 212A — Penril 300/1200 

799 

Bell 103/113—USR-330 

339 

1200 and 300 Baud/Manual 


3(X) Baud/Manual originate 


originate auto answer 


auto answer 


Auto dial option 

799 

Auto dial option 

50 

(Both modems connect to phone lines via RJ11C standard extension phone jack.) 

Acoustic Coupler 


Computers 


Phone Link — 300 Baud 

179 

USR-1600P 

4099 

Originate and answer. Compact. 



Leasing rates on request. Write or call for product information. 


10 day money back guarantee on all products. 



,x221 


U.S. ROBOTICS INC. 

203 N. WABASH 
SUITE ITIB ' 

CHICAGO. ILL 60601 

C3)23 346-5650 
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must include some additional regula¬ 
tion—perhaps using a Zener diode— 
to limit Vpp. 

Next, make the changes shown in 
listing 2 to the SWTP program. 
These change the buffer size and the 
sequencing of the power to supplies 
and programming pulses. 

Finally, save the modified program 
from 0020 through 07E1, with a start¬ 
ing address of 0100. 

Video Boards as Terminals 

One of .the unexpected expenses in 
setting up an SS-50 bus system is the 
need for a terminal. This is one of the 
factors which often swing a newcom¬ 
er in the direction of a Radio Shack or 
Apple system, since the price of an 
SS-50 system plus a terminal usually 
exceeds the price of an all-in-one sys¬ 
tem. 

Needless to say, a serial terminal is 
not absolutely needed; a video board 
and parallel keyboard can do the job 
as well, and at much lower cost. 

Making the video board and the 
keyboard work with standard pro¬ 
grams requires two separate inter¬ 
faces—one software, the other hard¬ 
ware. 


0037 

OFF? 

CHANGE BUFFER END ADDRESS 

0422 

86 

10 

TURN ON ONLY +5 VOLTS 

044D 

86 

10 

TURN ON ONLY -1-5 VOLTS 

0479 

86 

10 

TORN ON ONLY +5 VOLTS 

04A8 

BD 

07C0 

JSR TO PATCH 1 

04AB 

01 



04C6 

BD 

07D0 

JSR TO PATCH 2 

04C9 

01 



0561 

86 

90 

+5V ON, -H25V ON, CE^ PULSED LOW 

0573 

86 

BO 

+5V ON, +25V ON, CE' BACK TO HI 

0580 

86 

30 

+5V ON, +25V OFF, CE' KEPT HI 

* PATCH 

- TERN 

ON +25 VOLTS BEFORE PROGRAMMING 

07C0 

86 

20 

+5V ON, CE' HI 

07C2 

97 

26 

STORE IT 

07C4 

BD 

05D6 

JSR TO PIA PULSING ROUTINE 

07C7 

86 

BO 

+5V ON, +25V ON, CE' STILL HI 

07C9 

97 

26 


07CB 

BD 

05D6 

JSR TO PIA PULSING ROUTINE 

07CE 

39 


AND RETURN 

* PATCH i 

> - TURK 

OFF 25 VOLTS AT END OF PROGRAMMING 

07D0 

86 

30 +5V ON, -»-25V OFF, CE' HI 

07D2 

97 

26 


07D4 

BD 

05D6 

JSR TO PIA PULSING ROUTINE 

07D7 

BD 

04FE 

WAIT 10 SECONDS 

07DA 

86 

10 

+5V ON, +25V OFF, CE' BACK TO LOW 

07DC 

97 

26 


07DE 

BD 

05D6 

JSR TO PIA PULSING ROUTINE 

07E1 

39 


AND RETURN 



Listing 2. SWTP programmer modifications. 


For terminal output, standard 68xx board in port 1. Although older sys- 
software simply outputs via a serial terns use a PIA (in a circuit which is a 


AUTHORIZED TRS 80® DEALER #R491 




26 - 4002 
Model II, 64K 


ro-1056 ^ 26-1062 26-4002 

16K Level II witjTAV^jd Model III 16K RAM Model II, 64K 

- Model III, BASIC 

$l5?0.00 $875.00 $3500.00 

WE ACCEPT CHECK, MONEY ORDER, OR 
PHONE ORDERS WITH VISA OR MASTER 
CHARGE. SHIPPING COSTS WlLL BE ADDED 
TO CHARGE ORDERS. DISKDRIVES, PRINT¬ 
ERS, PERIPHERALS, AND SOFTWARE - 

YOU NAME, WE’VE GOT IT. FULL FACTORY WARRANTY 

WRITE OR CALL FOR OUR COMPLETE ON ALL ITEMS SOLD. 

PRICE LIST. 

C & S ELECTRONICS, LTD. 32 EAST MAIN ST. MILAN, MICH. 48160 

(313) 439-1508 (313) 439-1400 


C & S ELECTRONICS MART IS AN AUTHORIZED TRS 80® SALES CENTER STORE #R491 


FULL FACTORY WARRANTY 
ON ALL ITEMS SOLD. 
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relic of MIKBUG days), the modern 
approach is to use an ACIA circuit 
such as that of the SWTP MP-S serial 
card. The terminal output routine- 
part of the ROM monitor and usually 
called OUTEEE—consists of three es¬ 
sential steps (two to check whether 
the ACIA is busy, and one to output 
the actual character) plus a few extra 
instructions which pick up the port 
address and configure the ACIA for 
proper output. The rest of the termi¬ 
nal functions—scrolling, moving the 
cursor, etc.—are taken care of by the 
terminal itself. 

When using a video board, these 
ancillary functions must be taken 
care of by software. As described in 
January's article, scrolling is some¬ 
times partially handled by video 
board hardware, and sometimes com¬ 
pletely done by software. In either 
case, however, an extensive amount 
of software is needed to do the job. 

When a separate terminal is used in 
addition to the video board, it is feasi¬ 
ble to keep this software on tape or 
disk and load it into the computer's 
RAM each time the computer is 
turned on. But when no terminal is 
present, then the video board soft¬ 
ware must be located in ROM; more¬ 
over, it must be linked to the monitor 
program so that it is automatically 
brought up as power is turned on. In 
other words, a special monitor pro¬ 
gram must be used with the video 
board in that case. 

Fortunately, a monitor does exist 
for every current video board being 
made —Gimix has GMXBUG, 
Thomas has JOEBUG, and Percom's 
video board is supported by my 
HUMBUG monitor (described in the 
August 1980 installment and avail¬ 
able from Star-Kits). Using a video 
board, then, simply involves getting 
the appropriate monitor ROM to han¬ 
dle it. 

Parallel keyboard input, on the oth¬ 
er hand, is not so easy. The standard 
procedure is to connect the keyboard 
through a parallel interface, such as 
the SWTP MP-LA card. The seven-bit 
data from the keyboard goes into the 
data port, while the data strobe bit 
goes into one of the PIA handshaking 
lines on the port. Since the PIA is in¬ 
tended for just such parallel inputs, 
this is a good hardware match. (On 
disk systems this PIA interface would 
be used instead of an ACIA interface; 
on tape systems both may be re¬ 
quired—one for the keyboard and the 
other for the tape interface.) 

But there is usually some software 


required’^as well. Since the routine 
needed to initialize and input from a 
PIA differs from that needed for an 
ACIA, the INCH or INEEE routine 
must also be different. 

As before, if a serial terminal is 
available, then this revised routine 
could be on tape or disk and entered 
into RAM at power-up. But lacking a 
terminal, the routine must also be 
part of the monitor in ROM so that it 
is operational as soon as power comes 
on. Some of the video-based monitors 
have it; some don't. But there is more 
to it than that. 

Much user software—like BASIC 
interpreters, editors, disk operating 
systems, assemblers, etc.—monitors 
the keyboard, waiting for a break 
character such as a control-C. This 
function is usually performed direct¬ 
ly by each program, rather than going 


through the monitor. 

When a PIA is used with a parallel 
keyboard, each such program must 
be patched to monitor the PIA rather 
than the standard ACIA. Not only il 
this a tedious job (for example, the in 
struction manual for the Gimix video 
board has 15 pages of patches and 
does not even cover all the possible 
programs), but it also means that the 
patched software is nonstandard and 
may not run on other systems. This is 
a definite liability, since one of the 
prime differences between SS-50 bus 
systems and S-100 systems has tradi¬ 
tionally been the compatibility be¬ 
tween different systems. 

There is, of course, a solution. 
Don't use a PIA at all, but interface 
the parallel keyboard through an 
ACIA. This makes the interface truly 
transparent to all software and avoids 





Fig. 1. Serial/parallel interface design. 


100 Microcomputing, March 1981 









AT LAST! 


Mass production prices for high quality software. Buy direct and save 50“». Also 
available for CPM and HDOS. 

DATA BASE MANAGER Mod I & III S69. S149 |48K). Mod-ll S199 

Maintain a data base and produce reports, all without user programming. Define 
file parameters and report formats on-line. Key random access, fast multi-key 
sort, field arithmetics, audit log. label. No time-consuming overlays. 500 happy 
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WORD PROCESSOR S49 
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all incompatibilities. (And, in those 
systems which use interrupts for key¬ 
board input—such as some of the so¬ 
phisticated disk operating systems or 
multitasking systems—this approach 
is almost mandatory.) 

On the surface that sounds impos¬ 
sible, but actually all it requires is 
that the parallel output of the key¬ 
board be converted to serial, and that 
this serial signal then be fed to the 
ACIA as if it came from a terminal. 

One approach is to put a parallel-to- 
serial converter right into the key¬ 
board enclosure and use serial output 
directly. George Risk Industries 
makes such an adapter for their GRI 
keyboards, and similar adapters are 
also available from Electronic Sys¬ 
tems and elsewhere. Though this 
simplifies the wiring between the 
keyboard and computer, it requires a 
more complicated power supply in 
the keyboard. Moreover, it is not nec¬ 
essarily an economical approach. 
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The second approach is to combine 
the serializer with the ACIA port to¬ 
gether on one 30-pin interface card. 
Since the ACIA (and a UART, if used) 
would require TTL buffering of their 
I/O signals anyway, combining the 
parallel-to-serial conversion function 
on the same circuit board can solve 
the problem without any increase in 
circuitry by combining buffering and 
data conversion in the same set of 
ICs. 

An excellent circuit for a serial/par¬ 
allel interface board is shown in Fig. 
1. This circuit provides not just a par¬ 
allel keyboard input, but also a full 
RS-232C I/O port; either of these may 
be used individually, or both may be 
used together. 

As Fig. 1 shows, a 6850 ACIA is 
used as in most other serial inter¬ 
faces. It connects directly to the 
3Q-pin I/O bus of the computer (with 
jumper W2 being used only when in¬ 
terrupt operation is desired). 



Jumper W1 is used to select one of 
the baud rates; the desired baud rate 
clock is then buffered via a 7404 and 
sent out to the RS-232C interface con¬ 
nector. In the printed circuit board ^ 
layout in Fig. 2, this connector is pin- 
for-pin compatible with that used on 
the S WTP MP-S card, and the clock is 
brought out so it may be used for ter¬ 
minal baud rate switching or for tape 
interface operation. 

The clock input signal is again buf¬ 
fered and sent to pins 3 and 4 of the 
ACIA. In normal operation, the clock 
out and the clock in pins on the inter¬ 
face connector should be jumpered 
together. The buffering is included to 
eliminate data errors often present 
when an SWTP MP-S interface is sep¬ 
arated from a tape interface by more 
than a foot or two of cable. 

Serial RS-232 data is buffered with 
a 741 op-amp for output, and with an¬ 
other section of a 7404 inverter for in¬ 
put. The reader control line is also 
buffered by two inverters. Since this 
interface does not provide current- 
loop operation, this circuitry is much 
simpler than on other serial inter¬ 
faces. 

The* major difference is in the cir¬ 
cuit at the bottom. The seven bits of 
keyboard data (no parity bit is used) 
are sent to a 74165 shift register. This 
IC has eight inputs, one of which (pin 
6) is permanently grounded to pro¬ 
vide the 0 start pulse which always 
precedes a serial character. 

The output of the shift register, on 
pin 9, goes to IC3, part of a 7474 type 
D flip-flop, which is normally kept 
set by a low on the PS (pre-set) input. 
The output of this flip-flop on pin 5 is 
thus normally high (representing a 1) 
between characters. 

Since the ACIA requires a baud 
rate clock 16 times the actual baud 
rate, whereas the 74165 shift register 
requires a clock at the same baud 
rate, a 7493 divider divides the clock 
by 16. 

The keyboard strobe must be nor¬ 
mally low, with a high pulse extend¬ 
ing over an entire one-character in¬ 
terval; that is, if the ACIA runs at 300 
baud, then the strobe pulse must last 
for at least 1/30 second; at 1200 baud, 
it must last at least 1/120 second. This 
strobe pulse is normally low, which 
keeps the 74165 from shifting and 
keeps the 7474 set; when a character 
is received it goes high, which allows 
the 74165 and 7474 ICs to pass the 
data to the ACIA. (The serial input of 
the 74165, pin 10, is connected to -i-5 
V so that the shift register fills up 





SERIAL I/O PARALLEL INPUT 



Fig. 3. Parts layout. 


with ones as it shifts, and the char¬ 
acter is automatically followed by a 
one stop bit.) 

The position of jumper W3 de¬ 
pends on the input data source—it 
can connect the ACIA to either the 
7404 in the serial terminal input or to 
the 7474 in the keyboard input cir¬ 
cuit. If both inputs are to be used si¬ 
multaneously, the jumper should be 
replaced by two diodes—both anodes 
go to ACIA, pin 2, with one cathode 
going to the 7404 output and the 
other to the 7474 output. 

Power for the board is regulated by 
a 7805 three-terminal regulator; the 


12 V zener diode and its resistor are 
required only when an I/O device 
(such as the Percom CIS-30 cassette 
interface) requires -12 V. 

This circuit can be wired on a 
30-pin prototyping card, or you can 
use the printed circuit board layout in 
Fig. 2; see Fig. 3 for the parts layout. 
A single-sided board makes construc¬ 
tion easy. (If you'd rather obtain a 
commercial board than make your 
own, it is available from Star-Kits, PO 
Box 209, Mt. Kisco, NY 10549, for 
$20 for a bare board, or $55 for a 
complete kit of parts.) 

The printed circuit board layout al¬ 
so has provisions for debouncing an 
abort switch (see January's install¬ 
ment). This circuit uses part of the 
7474 flip-flop IC (Fig. 4). 

A 6800 Cross Assembler 

If you haye switched to a 6809, but 
would like an inexpensive 6800 as¬ 
sembler that will run on your system 
(or if you just want to see how a 6800 
assembler works) look at the Kilo¬ 
baud Klassroom No. 23 article in the 
December 1980 issue of Kilobaud Mi¬ 
crocomputing, It describes a 6800/ 
6802 cross assembler written in BA¬ 


SIC. It runs on almost any system 
which supports a BASIC with strings. 
I've run it on a TRS-80 with vei^y good 
results. 

The Heath ET-3400 Trainer 

Perhaps the most popular 
6800-based computer ever made is 
the Heath ET-3400 Trainer. There 
have been tens of thousands of these 
sold to individuals, companies and 
schools. The trainer is actually part of 
a complete course on microcomputer 
fundamentals which has been very 
successful. (It is an excellent course; 
now that it is available in less expen¬ 
sive classroom-edition manuals, I 
highly recommend it to anyone who 
wants some more familiarity with his 


♦ 5V 



Fig. 4. Abort switch debouncing circuit on the in¬ 
terface board. 


Model EP-2A-87 

EPROM Programmer 

NEW—CRT ENTRY MODE 


The Model EP-2A-87 
EPROM Programmer has an 
RS-232 compatible interface 
and includes a 2K or 4K 
buffer. Durinq the ON-LINE 
mode, another computer 
can down load to the buffer. 
Only two easy-to-implement 
commands are available to 
an external computer. (Load 

buffer and read buffer.) 

In the OFF-LINE mode, the EP-2A-87 will program, verify, test 
buffer, and load the buffer from the EPROM socket. During the 
programming cycle, the EPROM is checked before proyamming to 
insure that it is erased and after programming it automatically venTies 
that programming is correct. Power requirements are 115 VAC 


50/60 Hertz at 15 watts. 

Part No. Description Price 

EP 2A 87 1 . Programmer with 2K buffer . '{•.ST.S iKi 

EP 2A H7 2 Programmer with 4K buffer . fx'iO.iXl 

Non standard voltage option (220 v. 240 v. 1 (K) v) . 1 .'i.t K i 

PMO Personality Module, programs TMS 2708 . 18.(K» 

PM 1 Personality module, programs 2708 . 18.(K) 

PM-2 Personality module, programs 2732 . .34 (Ki 

PM 3 Personality module, programs TMS 2716 26.(K» 

PM 4 Personality module, programs TMS 2532 . .34.(K) 

PM 5 Personalitymodule. programs 2716. TMS 2516 . 18.(Xl 

PM 6 Personality module, programs 2704 . 18.(X» 

PM 7 Personality nfKxlule. programs 2758. TMS 2508 . 18.(KI 

PM 8 Personality module, programs Motorola MCM68764 . .36.(Ki 



Optimal Technology, Inc. 

Blue Wood 127 .^29 

Earlyaville. Vii^nla 22936 
Phone (804) 973-5482 


THE BIGGEST NAME IN UTTIE COMPUTERS^ 

TRS-80^ Model n— Your Best Buy 
In a Business Microcomputer 

UP 
TO 
1 5% 


on 

TRS-80 computers, 
software and peripherals 

Similar values on all Radio/hack merchandise 

CALL COLLECT: 

915-283-2920 ,^214 

Van Horn Office Supply 

701 W. Broadway - P O- Box 1060 
Van Horn, Texas 79855 

n Radio /hack ~ 

DEALER 

THE NA TIONWIDE SUPERMARKET OF SOUND® 




Reader Service—see page 178 
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DISK-80 

EXPANSION INTERFACE 
FOR THE 
TRS-80MODELI 



• Disk controller (4 drives) 

• Hardware data separator 

• Buffered TRS-bus connector 

• Real-time clock 

• Printer port (optional) 
ASSEMBLED & TESTED 


with 16K RAM.$329.95 

Centronics Printer 

Port add. .....$ 50.00 

with 32K RAM add ..$ 50.00 

DISK-80 pc board.$ 48.00 

Printer/Power Supply 

pc board.$ 16.00 

Complete Kit with 16K 
RAM and Printer Port.$275.00 


Th« DISK>80 EXPANSION INTERFACE is Radio . 
Shack hardware and software compatible and carries 
a 90 day warrantee including parts and labor. 
Includes user’s manual and power supply. 



To order call (516)374-6793 
or write: The MicroMint Inc. 



Kilobaud Microcomputing will fea¬ 
ture a special word processing issue in 


May. Manufacturers of word processing 
software for any microcomputer who 
want to be included in this issue should 
contact the Microcomputing editoral 
department immediately. Please send 
spec sheets of your software system. 
We will contact you if we need addition¬ 
al information. 


6800 system.) 

The basic trainer has a 6800, a IK 
monitor in a 6830 ROM, 256 bytes of 
RAM (with sockets for 256 bytes 
more), a 17-key numeric keyboard, 
six-digit seven-segment LED readout, 
and a prototyping socket for doing 
the hardware^ experiments in the 
Heath microcomputer course. The 
circuitry of the trainer is specially 
buffered to simplify hardware inter¬ 
facing, and the unit runs at a clock 
frequency of about 400 kHz to elimi¬ 
nate timing problems which might 
otherwise hamper some of the exper¬ 
iments. (Heath is also marketing a 
less expensive trainer which lacks 
the prototyping socket and buffering, 
and is intended only for software ex¬ 
periments.) 

Heath also sells an add-on unit to 
the trainer, which adds from IK to 4K 
more RAM, Tiny BASIC in ROM and 
a serial and cassette interface. 
Though this makes it possible to run 
BASIC on the system, it does not real¬ 
ly allow much expansion beyond 
that. 

Several readers have written for 
help in expanding the ET-3400 train¬ 
er into a full-fledged SS-50 bus sys¬ 
tem and asked me to devote an article 
to the subject. I cannot really recom¬ 
mend such a step. Even if it were 
completed, the trainer would only act 
as a CPU board; external memory 
and I/O interfacing, as well as a moth¬ 
erboard and power supply, would 
still be needed. With the large num¬ 
ber of 6800 CPU boards available on 
the used market, it would certainly 
be easier, and cheaper as well, to sell 
the Heath trainer and start with a 
used but real SS-50 bus system. 

Conversion of the trainer to run a 
full-fledged system involves four as¬ 
pects: 

1. The 6830 ROM must be replaced 
by a monitor which supports a serial 
terminal and is compatible with ex¬ 
isting 6800 software. Several moni¬ 
tors (such as MIKBUG or SWTBUG) 
were available in a 6830 ROM, or 
else a 2708 or 2716 monitor could be 
adapted. With a 6830 some read¬ 
dressing is needed, since the trainer's 
6830 EPROM occupies addresses 
FCOO-FFFF, whereas standard moni¬ 
tors require EOOO-FFFF. With a 2708 
or 2716, though, additional decoding 
would be needed, since the 6830 has 
five chip selects, while the 2708 or 
2716 has only one. Either way, this 
would make the keyboard anid LED 
readout on the trainer inoperable.’ 
While a custom monitor to allow 


both a serial terminal and the Heath 
I/O gear could be written, it is not 
worthwhile. 

2. The 256-byte RAM on the board 
must be disabled so that a larger ex^ 
ternal memory can be substituted. 

3. More extensive buffering for an 
external bus must be added, and 
some mechanical arrangement pro¬ 
vided to mount the trainer and a 
motherboard together. The mechani¬ 
cal work would be a kludge. 

4. External memory and a serial 
port must be added. While these 
could be added on the prototyping 
socket, there isn't enough room for 
more than a few K of memory; be¬ 
sides, a more permanent arrange¬ 
ment would be desirable. 

6800 Systems 

Although SWTP has switched pro¬ 
duction from 6800 systems to 6809 
systems, there are still several manu¬ 
facturers who market 6800 systems 
and components. Not only are 6800 
systems still popular with industrial 
users, who need systems to go with 
software they already have, but with 
hobbyists as well. 

If you are in either category, here 
are some companies to contact: 

Febe group (51 Hamilton Ave. 
York, PA 17404) makes a cabinet 
with motherboard, power supply and 
keyboard for either 6800 or 6809 sys¬ 
tems. 

Gimix, Inc. (1337 West 37th Place, 
Chicago, IL 60609), makes a hefty 
cabinet, motherboard and power 
supply, as well as both 6800 and 6809 
CPU boards and other accessories. 

Thomas Instrumentation (168 
Eighth St., Avalon, NJ 08202) makes 
motherboards and other compo¬ 
nents, including a 6802 CPU board. 
The 6802 is compatible with the 6800 
and runs the same programs. 

Percom Data Co. (211 N. Kirby, 
Garland, TX 75042) also makes a 
6802 CPU board. 

And don't forget the 6802 single 
board computer featured in the Kilo¬ 
baud Klassroom series published in 
this magazine. 

6800/6809 Magazines 

Several times I have mentioned the 
68 Micro Journal (3018 Hamill Road, 
Hixson, TN 37343) in these pages. It 
specializes in 6800/6809 material. A 
newer magazine is the SS-50 Newslet¬ 
ter (PO Box 402, Logan, UT 84321). It 
is a slicker, easier to read magazine, 
whose content is improving as time 
goes on.B 
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Stretch That 6800 Clock 



Figure la: Nominal Memory or Peripheral Read Cycle for the Motorola 6800 
Processor. This figure illustrates the timing relationships between the various 
signals of the processor. Note the requirement that data be present within 
Taco *^75 ns for a full speed 1 MHz clock, or about 650 ns in the 

Southwest Technical Products system with its 895 kHz dock. This diagram is 
reproduced courtesy of Motorola Semiconductor Products Inc, from page 
4’51 of the M6800 Microprocessor Applications Manual. 



0.4 V 
2.4 V 

0.4 V 
2.4 V 


2.4 V 
0.4 V 


Figure lb: Nominal Memory or Peripheral Write Cycle of the Motorola 6800 
Processor. This figure illustrates requirements for the process of writing data 
ito a memory or peripheral location in address space. The diagram is 
reproduced courtesy of Motorola Semiconductor Products Inc, from page 
4-5! of the M6800 Microprocessor Applications Manual. 


Jerry Henshaw 
Aptec Inc 
POB 15296 
Tulsa OK 74115 


I recently completed construction of my 
Southwest Technical Products M6800 Com¬ 
puter System. One of my first projects was 
to build a slow memory interface to allow 
the M6800 microprocessor to communicate 
with memory devices that have slow access 
times. The SWTPC system runs at 895 kHz. 
This clock rate forces any memory element 
to have an access time of approximately 
700 ns or less. The M6800 running at full 
speed (1 MHz) requires memory devices to 
have an access time of 575 ns or less. I 
wanted to use electrically erasable read only 
memories to store an audio cassette oper¬ 
ating system. These EROMS have access 
times in the one microsecond range and are 
therefore too slow for a M6800 system 
running at maximum speed or at the SWTPC 
6800 clock rate. 

There are two approaches to the slow 
memory problem. One could slow the sys¬ 
tem clock down to a point where it is 
compatible with the slowest memory ele¬ 
ment in the system. This approach is unde¬ 
sirable since you force the entire system to 
slow down because of a few slow memory 
devices. I will admit that slowing down the 
system clock is indeed the easiest to imple¬ 
ment. The other approach would be to slow 
down the clock only when the processor is 
communicating with a slow memory ele¬ 
ment. This scheme would allow the proc¬ 
essor to run at full speed when not commu¬ 
nicating with slow memory devices. Thus, 
the processor is slowed down only when 
necessary. This is the approach that I have 
chosen. 

Before we can design a slow memory 
interface, it is important to understand the 
operation of the M6800 during a read and a 
write cycle to memory. The M6800 uses a 
two phase, non-overlapping clock for timing 
purposes. All data transfers are synchronized 
with the Phase 1 or Phase 2 (4>2) 

clocks. 

Figure la shows a read data from mem¬ 
ory, cycle of the M6800. The cycle starts 
with going high. Approximately 300 ns 
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later the processor raises the read write line, 
RW, then places a memory address on the 
bus, and then activates the valid memory 
idress line, VMA. All of this occurs during 
•.ne 4>1 portion of the cycle. 4>1 is active for 
approximately 500 ns for a system running 
at 1 MHz. <l>2 becomes active after the fall of 
^1. It is during the 4>2 portion of the cycle 
that data is retrieved from memory. The 
data ffom the memory device must be stable 
at least 100 ns before the fall of 4>2. The 
access .time of the M6800 is measured from 
the rise of VMA line to the presentation of 
data -from the memory element. If the 



Photo 1: This is an osciiioscope camera trac¬ 
ing of the stow memory interface timing 
resuiting from the author's circuit The 
upper traces are and ^2 markings). 
The iower trace shows the siow memory 
iine, which stretches the ^2 
dock cycie of extra time. 





Figure 2a: Nominal Mem¬ 
ory or Peripheral Read 
Cycle, stretched by hold¬ 
ing the 4>2 state to accom¬ 
modate slow memory cir¬ 
cuits. This diagram is re¬ 
produced courtesy of 
Motorola Semiconductor 
Products Inc, from page 
4-52 of the M6800 Micro¬ 
processor Applications 
Manual, in the SWTPC 
system modification de¬ 
scribed, the actual timing 
values are scaled to its 
dock speed, but the idea is 
the same. 


tcyc* 1-425 MS 01 430n«Min 

'*’asA * “ '*’VSC • 300 ns Min 01 PWqh * *95 ns Min 

TacC * 1-0 MS M«k 

Tqsu * 1®* 



Figure 2b: Nominal Mem¬ 
ory or Peripheral Write 
Cycie, stretched by hold¬ 
ing the 4>2 state to accom¬ 
modate a stow memory 
circuit. This diagram is re¬ 
produced courtesy of 
Motorola Semiconductor 
Products inc, from page 
4-53 of the M6800 Micro¬ 
processor Applications 
Manual. 


tcvt 1425 ms 01 PWom 430n$M.n 

TaSR T^SC "^VSC 300nsMaK 02 PWqm 895 ns M.n 

TaSD 200n4M«« 
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system is running at full speed, this access 
time is 575 ns. 

Figure 1 b shows a write data to memory 
cycle of the processor. The cycle starts with 
<I>1 going high. Approximately 300 ns later 
the processor drops the read write line, puts 
a memory address on the bus, and raises the 
valid memory address line. This is the same 
as in the read data sequence except that the 
read write signal is inverted. As soon as 
drops, 4>2 goes high. It is during the 4>2 
portion of the cycle that data is written into 
the memory element. On the rising edge of 
4>2, the processor activates the data bus 
enable line, DBE. Approximately 200 ns 
later, the processor places the data it wants 
to enter on the bus. The cycle is completed 
before the fall of 4>2. 

It is easy to see from the timing diagrams 
that stretching the ^2 portion of the read or 
write cycle would have the effect of increas¬ 
ing the allowable access time of the proces¬ 
sor. The circuit I have designed stretches the 
^2 portion of the cycle for one additional 
half cycle. This has the effect of adding an 
additional 500 ns (for a 1 MHz clock) or 
560 ns (for the SWTPC 6800 system), thus 
increasing the allowable access time into the 
microsecond range. This is sufficient for 
most of the UV erasable EROMS available 
on the surplus market. 

Figure 2a is a timing diagram for a read 
cycle with a 1.0 /its memory. The 4>2 portion 
of this cycle is increased by a factor of two. 
This is ample time for a 1.0/is memory to 


place its data on the bus before the fall of 
^2. Figure 2b is a timing diagram for a write 
cycle with a 1.0 jus memory. Again; ^2 is 
stretched by a factor of two thus giving 
sufficient time for the write cycle to cor 
plete before the fall of ^2. 

Photo 1 shows the effect of the slow 
memory line on the M6800 clock signals, 
shown as oscilloscope traces. Notice that the 
processor clocks run at full speed when the 
slow memory line is low. When the slow 
memory line is high, the 4>2 portion of the 
clock is stretched an additional one half 
cycle and <I>1 is held low during that time. 

About the Circuit 

This interface was designed to mount on 
the SWTPC MPU board. The remainder of 
this article deals with the specifics of the 
SWTPC M6800 MPU board and the modifi¬ 
cations required to implement the slow 
memory interface on this system. The design 
philosophy presented here is certainly not 
limited to the SWTPC system alone. Any 
M6800 user can take advantage of this 
approach to the slow memory problem. 
Owners of a SWTPC M6800 Computer 
System should find the slow memory inter¬ 
face a very simple and clean modification to 
their system. 

^ A schematic of the slow memory inter¬ 
face is shown in figure 3. The circuit consi*. 
of three integrated circuits, two resistors, 
one capacitor, and a component carrier 
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Figure 3: Schematic of the 
siow memory interface as 
designed for the author*s 
SWTPC 6800 system. 
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figure 4: This is the one to one artwork of the siow memory interface printed circuit board. The components are mounted on 
e reverse side,of this pattern (as if they were on the other side of this magazine page). Locations of the integrated circuits are 
marked ICI^ iC2 and tC3 with pin 1 indicated in each case. The component carrier position is marked CC, The resistors and 
capacitor locations are indicated in the etch pattern. The overlay at right shows locations of the three jumpers and discretes 
required to complete the circuit. This board is available from Aptec Inc, ROB 15296, Tulsa OK 74115, at a price of $2 postpaid, 
completely etched and drilled, A complete kit of parts is also available for $6,25 from the same source. 


mounted on a printed circuit board. Figure 
4a shows the artwork for the slow memory 
interface printed circuit board and figure 4b 
shows the parts placement on this printed 
circuit board. The component carrier pro¬ 
vides the interconnect to the SWTPC MPU 
board. The interface board is plugged into 1C 
slot 20 on the SWTPC MPU board via the 
component carrier. ICl of the slow memory 
interface is equivalent to IC20 on the 
SWTPC MPU board. It is a 7474 dual D flip 
flop used to count down a crystal oscillator 
to generate the and <l>2 clocks. This flip 
flop is wired as a toggle to divide the master 
oscillator by two. This is the beginning of 
the clock generating logic on the original 
SWTPC system. 

The slow memory interface is inserted at 
the beginning of the 4>1 and 4>2 timing logic. 
At the heart of the circuit is IC2, a 7474 
ual D flip flop synchronizer and IC3, a 
/408 AND gate. The slow memory interface 
is inactive as long as there are no clock 


pulses on IC2a, pin 11. In this state, pin 1 of 
ICS is always high, thus allowing the system 
clock to propagate directly through the 4>1 
and ^2 logic. 

The stretching of 4>2 is accomplished by 
the rising edge of the slow memory line on 
pin 11 of IC2a. The slow memory line is 
derived on the memory card that contains 
the slow memory device, and should be a 
“wired OR“ sum of all slow memories In 
your system. The only time you want to 
generate the slow memory signal is when 
you address such a slow memory element. 
Therefore, you must AND 4>2 with the 
address decode for that memory along with 
VMA. I suggest you use a three state or open 
collector AND gate to drive slow memory so 
you can bus several memories together and 
share the same slow memory line. Use the 
address decode for these memories to enable 
the signal. 

The rising edge of slow memory clocks 
IC2a and places a logic 0 on TJ, pin 8. This 
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Photo 2a: Location of the IC20 socket on the Southwest Technical Products 
6800 MPU board. The arrow shows the position where IC20 has been 
replaced by a dual in line socket with 14 pins. 



Photo 2b: A view of the slow memory interface board installed in position on 
the Southwest Technical Products 6800 MPU board. 
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forces the output of IC3 pin 3 ' to go lo 
and holds the processor in. the 4>2 state. 
Note: A logic 0 on pin 3 of IC3 is equivalent 
to a 4>2 cycle aod conversely a logic 1 on pin 
3 is equivalent to a 4>1 cycle. On the next 
clock cycle, IC1 pin 6 goes low and does not 
clock IC2b. The following clock causes ICl 
pin 6 to go high and clocks IC2b; this in turn 
resets IC2a by placing a logic 0 on the res^ 
line pin 13. Since IC2a is reset, the Q 
output of IC2a pin 8 is high and thus 
enables IC3 by placing a logic 1 on pin 1. At 
this point the clocks are back to normal 
operation and will remain at full speed until 
another access is made to a slow memory 
element. Refer to photo 1 for a timing 
diagram of this operation. 

Modifications to the 
SWTPC 6800 MPU Board 

You must remove IC20 from the SWTPC 
MPU board. Refer to photo 2a for the 
location of this integrated circuit. I suggest 
that you replace IC20 with a 14 pin DIP 
socket to aid in parts replacement should a 
component failure occur. You might solder 
the slow memory interface directly into th'* 
IC20 position if you wish to live dangc 
ously. Notice there is no connection to pin 8 
of IC20. You must add a wire from IC20 pin 
8 to one of the user designated pins on the 
SWTPC 6800 MPU board. I used UDl for 
my system. This user designated line now 
becomes my slow memory line. 

If you replaced IC20 with an integrated 
circuit socket, simply plug the slow memory 
interface printed circuit board into the 
socket via the component carrier. Position 
the printed circuit board as shown in photo 
2b with the foil side up. If you didn’t use a 
socket, you must solder the interface into 
place. This completes the modifications to 
the SWTPC 6800 MPU board. Photo 2b 
shows the installed slow memory interface. 

Conclusion 

This slow memory scheme should provide 
the M6800 user a much needed addition to 
make his system as flexible as possible. This 
technique can be used to interface slow 
peripheral devices to your system. The 
modification to the SWTPC MPU module is 
very simple and clean. You don’t have to cut 
and hack the printed circuit board. The only 
modification is the addition of one wire ar 
the replacing of one integrated circuit witi. 
the printed circuit board described. ■ 
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Thoughts on the 
SWTP Computer 
System 


Like this series, 6809 systems are proliferating. 


Peter A. Stark 
PO Box 209 
Mt Kisco, NY 10549 


T he first SWTP 6809 system 
was the MP-09, which used 
the old 6800-style cabinet and a 
slightly modified MP-B2 mother¬ 
board. It is the latest 6800 moth¬ 
erboard, but Is modified to place 
I/O at address EOOO Instead of 
8000. 

The S/09 system features a 
new cabinet, new motherboard, 
beefed-up power supply and 
even a fan. In this motherboard, 
all the cards—50 pin, as well as 
30 pin—are parallel with the 
sides of the cabinet. The moth¬ 
erboard also has some new cir¬ 
cuitry, Including an interrupt 
timer, extended address decod¬ 
ing and a baud rate generator. 
The baud rate generator on the 
motherboard releases the baud 
rate lines on the 50-pln bus and 
lets them be used as address 
lines, so that the S/09 system 
comes with a standard 20-blt ad¬ 
dress bus. 


Now the MP-09 system has 
been changed, it occupies the 
same cabinet as the S/09 but 
has an MP-B3 motherboard, 
which looks like the old mother¬ 
board, with the 50-pln cards par¬ 
allel with the front of the cabinet 
and the 30-pin cards parallel 
with the sides. The larger cabi¬ 
net allows the use of the new 


DMAF2 disk controller card, 
which was too large to fit into 
the older cabinet. It’s also much 
sturdier than old SWTP cabi¬ 
nets, with 1/8 inch aluminum 
and hefty side rails. 

But there is a big difference 
between these nevv MP-09 sys¬ 
tems and the old MP-09s. The 


older system could use-with 
some changes-a 6800 CPU 
card and could run with the old 
SWTP mini-floppy controller and 
older I/O cards. On the other 
hand, the new motherboard will 
not work with a 6800 CPU card, 
nor will it work with the old mini¬ 
floppy disk controller (model 
DC-2). SWTP has now rede¬ 


signed the controller, and the 
new DC-3 is just now becoming 
available. 

It is essentially a problem of 
address compatibility. SWTP 
6800 systems assigned each I/O 
port four addresses and sup¬ 
plied two address lines to each 
port to allow the I/O card to se¬ 


lect one of those four addresses. 
The new motherboard assigns 
16 addresses to each port and 
supplies four address lines to 
each I/O board. This changes 
the board-addressing require¬ 
ments so that some old boards 
will no longer work. 

SWTP has, therefore, de¬ 
signed new I/O boards and elimi¬ 
nated the wiring tangle from the 
boards to I/O devices by placing 
the I/O connector on the rear 
edge of each card, so it is right 
up against the rear panel. They 
have also made other changes. 
They have replaced the MP-S 
serial interface with a $100 
serial interface that has two 
ports instead of one. Also, EIA 
RS-232C has replaced the cur- 
rent-loop interface. 

The new system has one other 
drawback: SWTP is no longer 
supplying schematics with their 
equipment, even to dealers. 
They prefer to have equipment 
shipped back to them for ser¬ 
vice. I wonder what the reaction 
to this will be In Europe, where 
the 6800 seems to be much more 
popular than the 8080. 

6809 and 68000 Rumors 

I teach computer technology 


^ - 

The S/09 system fea¬ 
tures a new cabinet, 
new motherboard, 
beefed-up power sup¬ 
ply and even a fan. 

____ ^ 
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at a New York City junior col- 
lege^ our program concentrates 
on the 6800 because of Its sim¬ 
plicity, as compared with some 
other processors. Among all our 
ystems, we have eight SWTP 
systems and almost two dozen 
Heath 6800-based trainers. We 
plan on purchasing one 6809 
CPU board to stay current but 
have tentatively decided to leap¬ 
frog over the 6809 and go direct¬ 
ly to the 68000 in another year or 
so. 

Richard Don of GImIx Indi¬ 
cates that his company Is al¬ 
ready looking forward to the 
Motorola 68000 chip, which will 
use 16-blt data and Include fea¬ 
tures rivaling today’s minicom¬ 
puter. The question Is, “What 
systems will use It?” 

Since there are so many SS-50 
systems, many of the SS-50 sup¬ 
pliers are Interested In offering a 
68000 system that will be com¬ 
patible with existing hardware. 
This is no minor matter, since ail 
existing buses use 8-bit data, 
whereas the 68000 will use 16-blt 
data. 

Alpha Micro, with its 16-bit 
processor and the S-100 bus. Is 
lultiplexing the sixteen data 
Dits over the existing 8-blt data 
bus. This allows existing mem¬ 
ory and other boards to be used 
with the new CPU, though It 
slightly slows down operation. A 
similar idea could be applied to 
the SS-50 bus and the 68000. 

My suggestion Is to design a 
new SS-50 motherboard with the 
68000 CPU board occupying two 
slots In the center of the board, 
and eight of the data bits going 
to one end of the motherboard, 
while the other eight go to the 
other end. In this way, the 16-bit 
memory data could be stored In 
parallel In two 8-blt memory 
boards. 

Whichever way it goes, 
though, one message Is clear: 
Many manufacturers presently 
Involved in making SS-50 bus 
equipment want to keep the 
68000 compatible. And that 
should be welcome news to 
those of us with a heavy Invest¬ 
ment In 6800 hardware. 

Memory Expansion 

Since last month’s report on 
expanding the SWTP 32K mem¬ 
ory board, two friends have used 


the instructions to expand their 
boards from 16K to 32K, and 
everything has worked out well. 
In each case, they used a “16K 
memory add-on for the TRS-80” 
kit ($80) to add the extra 16K. 
You must make sure that you 
use fast chips (i.e., 250 nanosec¬ 
ond ICs) to make sure every¬ 
thing works well; otherwise, you 
may get errors. 

GImIx also has a 32K board 
that is fully static. Using 2114 
low-power chips, it takes only 
about 1.8 Amps, and it’s reason¬ 
ably priced at $548.15. it will 
work at 2 MHz; the SWTP 32K 
dynamic board will not. (Since 
the SWTP 16K/32K board does 
all refreshing during phase 1 of 
the clock, actual reads and 
writes are limited to using only 
the phase 2 portion of each cy¬ 
cle. At a CPU speed of 1 MHz, 
this leaves less than 500 nano¬ 
seconds for an entire read/write 
cycle;, this is tight, but quite 
workable as long as the memory 
chips are fairly fast. At 2 MHz, 
the time available would be less 
than 250 ns, requiring memory 
chips with access time of per¬ 
haps 100 ns, or even less.) This 
Is Important to users of the 
Smoke Signal Broadcasting 8 
Inch floppy-disk system, which 
requires computer operation at 
the 2 MHz speed. 

ROM Notes 

If you want to use a 2716, but 
only need 1K of EPROM, consid¬ 
er the 2758. It’s a “defective” 
2716, with just IK of usable 
memory. Sound familiar? It can 
be programmed with the SWTP 
2716 programmer and used In 
the MP-A2 CPU board. Some 
suppliers sell it for a higher price 
than a real 2716. But that may 
change. 

Pin 19 of a 2716 Is normally 
the most significant address bit, 
A10. On the 2758 It Is renamed 
AR and called a “voltage refer¬ 
ence.” For the standard Intel 
2758, this pin should be held at 
ground, but there Is an alternate 
version, 2758-S1865, which re¬ 
quires -1-5 volts on AR. When 
you think of It as an address pin, 
you realize that the standard 
2758 has a good lower IK, al¬ 
ways requiring A10 at 0, while 
the 2758-SI865 has a good up¬ 
per half that requires A10 at 1. 


More Memory Expansion 

Later on. I’ll describe a need 
for some scratchpad RAM, out 
of the way of other programs. 
The ROM monitor, of course, al¬ 
ready has a scratchpad RAM in 
the form of a 6810 on the CPU 
board, but often you need an 
even larger scratchpad. How 
can we get such an enlarged 
scratchpad memory at the least 
cost? 

Although there Is a 6810 RAM 


memory on SWTP CPU boards, 
many systems have the 6810 
disconnected to leave room for 
a 4K or 8K memory board lo¬ 
cated at $A000 for use with a 
disk operating system, such as 
Flex 2.0 or Percom’s MINIDOS- 
PLUSX. 

You can reconnect the 6810 
on an MP-A2 CPU board with 
two wires In about five minutes, 
but readdress it elsewhere. You 
can use this 128-byte memory 
area—safely away from other 
memory where It might be clob¬ 
bered by BASIC or other pro¬ 
grams—for your own monitor or 
other routines. 

The simplest way is to move it 
to lie at COOO (though this is only 
usable if addresses COOO-DFFF 
are unused). It will then occupy 
COOO-DFFF (just as it used to 
take up AOOO-BFFF). The modi¬ 
fication uses the USER position 
of the DIP switch located on the 
CPU board. Just wire the USER 
switch as shown In Fig. 1a. With 
the RAM switch closed, the 
RAM will be at AOOO; with the 


USER switch closed, it will be at 
COOO. Just remember never to 
close both switches simulta¬ 
neously. 

With this modification, this 
128-byte scratchpad RAM will 
occupy the region from COOO 
through DFFF, reappearing In 
this 8K address space 64 times. 
That Is, location COOO is the 
same as C080, C100, C180, 
C200...all the way. up to 
DF80. This wastes space be¬ 
cause the RAM address is In¬ 


completely decoded; this Is the 
same case with the normal CPU 
scratchpad RAM at A000-A07F. 

The monitor program I’ll dis¬ 
cuss later uses additional RAM 
at DOOO. This memory at COOO- 
DFFF Is just the thing for that, 
since the decoding makes it al¬ 
so appear at DOOO. if address 
COOO Is already occupied, then 
the modification changes (Fig. 
1b). This time, the RAM Is se¬ 
lected only if bit A12 is 1, which 
occurs for addresses starting 
with D, but not C. 

it is also possible to expand 
the existing 128-byte RAM by 
substituting other memory ICs 
instead of the 6810. A small add¬ 
on board that allows two 2114 
RAMs to be plugged into the 
6810 socket to provide IK of 
memory at AOOO (COOO or DOOO 
with the above modification) is 
available from Bruce Naples, PO 
Box 192, Oakland Gardens, NY 
11364. A complete kit, including 
board, ICs and connectors, 
costs $30, postpaid. 

You can also use a 4K board 




t) DOOO-DFFF MODIFICATION 

Fig. 1. Moving CPU scratchpad RAM. 
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as a 2K board. This may sound 
strange, but It’s useful. I have a 
Percom video board addressed 
at D800-DFFF, which left 
D000-D7FF empty. I filled this 
with half of a spare 4K board, 
which was usable as an added 
scratchpad. The circuit shown 
in Fig. 2 has to be added to the 
4K board to disable it in the up¬ 
per 2K range, so it does not in¬ 
terfere with the video board. 

This mod automatically posi¬ 
tions the board in the upper 32K, 
so just wire the board’s address 
jumper as follows: 

9000-97FF—jumper 1 
A0(X)-A7FF—Jumper 2 
B000-B7FF--]umper 3 
C000-C7FF—jumper 4 
D0(X)-D7FF—jumper 5 

If you have a video board, 
avoid the temptation to use an 
unused part of its RAM as a 
scratchpad RAM. in general, 
whenever the CPU is accessing 
video board RAM, this same 
RAM is not available to the video 
circuits, and so the screen has a 
small blotch due to a missing 
character. Normally, this hap¬ 
pens only when new video data 
is being fed to the board, but if 
you use part of the RAM as a gen¬ 
eral-purpose scratchpad RAM, 
then you may get a lot of Inter¬ 
ference with the display. 

Percom LFD-400 Modifications 

A few months ago (February 
1980), i suggested that you use 
your 2708 programmer to modify 
Percom’s LFD-400 disk operat¬ 
ing system EPROMs. I have since 
then modified mine even more. 

One modification increases 
the size of the disk directory 
from two to four sectors, which 
provides for up to 63 files, rather 
than the standard 31 files. This 
requires changing the MINIDOS- 
PLUSX EPROM (A2 to A4 in loca¬ 
tions C4FC, C520, C567, C69A, 


C6BE, C702, C77C and C78B). 

At the same time, I moved the 
start of the first file from sector 
010 to sector 004, right after the 
directory. This again changes 
MINIDOS-PLUSX (C6C3 from 01 
to 08, C6C6 from B9 to BA and 
C6DF from 06 to 00). 

Next I substituted > instead 
of @ for a file protection code. 
This required changing 40 to 3E 
In locations C563, C59F, C735 
and C769.1 needed this because 
my CT-64 terminal doesn’t have 
@ on the keyboard. 

Finally, changing 22 to 27 in 
location C17C of MINIDOS and 
C608of MINIDOS-PLUSX opened 
up the full 40 tracks of my drives 
to the DOS. The last sector of a 
disk is now 399 rather than 349. 
Most Percom software, except 
the Percom Assembler, which 
doesn’t go past sector 349, re¬ 
lies on the DOS for sector check¬ 
ing and so works well with 40 
tracks. 

These changes gave me 396 
usable disk sectors instead of 
340, an Increase of 16Vi per¬ 
cent from 87,040 bytes to 101,376 
bytes. 

When I first received my Per¬ 
com LFD-400,1 was using a 2716 
EPROM In the COOO-DFFF area, 
so it was inconvenient to use 
COOO and up for the disk. I 
therefore made a slight modifi¬ 
cation on the disk controller 
board, which moved the whole 
board from COOO to 9000. This in¬ 
volved cutting the traces that 
bring A14 and A12 to BIO and 
B11 on the controller and inter¬ 
changing the address bits so 
that the address decoding 
changed from 
A15 A14 A13 A12 
1 10 0 =C 

to 

A15 A14 A13 A12 
1 0 0 1 =9 

This moved the 2708 EPROM on 


board the disk controller to 9000 
and up and moved the actual 
disk control addresses from 
CCOO down to 9C00. 

At this point, I was faced with 
modifying all Percom software 
that used DOS routines to the 
new addresses, which seemed a 
formidable task. Instead, I 
burned both MINIDOS and MINI¬ 
DOS-PLUSX into a single 2716 
and left it at COOO, but on the 
CPU board. (Needless to say, 
this required changing ail disk 
addresses within the monitor 
from the CC range to 9C.) Every¬ 
thing was now compatible with 
Percom software, none of which 
accesses the disk controller di¬ 
rectly, but left another 6K open 
above C800 for more EPROM. 

I have recently returned back 
to the original addresses (since I 
now have a 2708 EPROM board 
at EOOO and RAM at 9000), but 
this same modification may be 
still useful to others. 

Percom has released a soft¬ 
ware item that allows the 
LFD-400 drive to run either minl- 
Flex or Flex 2.0. This program 
reads any Flex soft-sectored 
diskette on one Percom drive 
and copies it onto a ten-sector 
hard-sectored diskette on the 
other drive; then it substitutes 
different disk drivers into Flex. 
Flex then runs exactly the same 
as if it was on an SWTP disk sys¬ 
tem, with the only difference be¬ 
ing that It uses hard-sector disk¬ 
ettes instead of soft-sector disk¬ 
ettes. Thus, your disks won’t be 
usable on someone else’s SWTP 
disk system, although you can 
translate regular Flex disks into 
the Percom format and use them. 

Having used the system, I’m 
impressed. It runs faster than 
Flex on an SWTP disk and is 
otherwise exactly the same. In 
fact, some of the Percom soft¬ 
ware can still be used—you 
have a choice of using either the 
Flex Backup or the Percom 
Backup routine to copy Flex 
disks. Percom’s Is much faster! 

There is also a version for run¬ 
ning Smoke Signal Broadcast¬ 
ing’s DOS on a Percom system. 

Another Percom product Is an 
Improved data separator that 
plugs into the SWTP disk con¬ 
troller to improve the read error 
rate. Though designed mainly 
for the TRS-80, it also speeds up 


the SWTP disk system. The 
reason is that when the verify 
option is used, each write to a 
disk is followed by a read to 
check that writing was done cor¬ 
rectly. This slows down dIsF 
operation, especially when read 
errors occur, since the DOS will 
reread the sector several times 
when an error is detected. 
Reducing read errors by adding 
this Percom data separator 
should, therefore, speed up not 
only reading, but also writing. I 
was told that the difference is 
very obvious. 

Tape Read Errors 

Occasionally, someone sends 
me a Kansas City tape that I ab¬ 
solutely can’t read. This Is usu¬ 
ally due to distortion or bad 
head alignment in making the 
tape. I have recently found a 
solution which helps most of the 
time. 

In the August 1978 issue 
of Kilobaud Microcomputing 
(“Copying Computer Cassettes,” 
p. 94), I described a device for 
copying Kansas City tapes. This 
data regenerator takes a tape 
signal and cleans it up so it 
can be rerecorded. Inserting 
this circuit between my cassette 
player and the input to my cas¬ 
sette interface has helped me 
read many tapes that I could not 
otherwise decipher (printed-cir¬ 
cuit boards for the circuit are no 
longer available). 

Monitoring Cassette Loading 

When you load a machine-lan¬ 
guage cassette program using 
the monitor’s L command, the 
monitor turns off the echo func¬ 
tion so that you cannot see what 
you are reading on your ter¬ 
minal. At the same time, it turns 
on the reader control line to 
switch the cassette interface 
from keyboard to tape input. 

If you don’t need the reader 
control signal, then it is easy to 
enable the echo. In SWTBUG, in¬ 
stead of typing In the L com¬ 
mand, simply jump to LOAD3 In 
the monitor by typing J EOOF. 
This will bypass the part that 
turns off echo. Another way to 
do this automatically is to put a 
segment that loads a 00 Into lo¬ 
cation AOOC (SWTBUG’s POR- 
ECH location) at the beginning 
of the tape being loaded. 
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Unfortunately, there is no 
easy way to do this when using 
the O L command. 

CPU Clock Speed 

The CPU clock in the older 
MP-A CPU board Is crystal con¬ 
trolled at just under 900 kHz. The 
clock frequency In the newer 
MP-A2 board Is, however, con¬ 
trolled by an RC network, which 
has a tendency to drift ail over 
the place. Most of the time it 
doesn’t make much difference, 
but there are some cases (such 
as when using the JPC 4800 
baud cassette interface or some 
disk systems) where clock 
speed is important. 

it is easy to make the MP-A2 
crystal-controlled. Simply re¬ 
move C1, the timing capacitor 
connected to the 6875 clock IC 


speed is exactly 1 MHz. Simply 
run the program, time how long 
it takes and compute your clock 
frequency from the following 
formula: 

clock freq. (MHz) = —1P2— 
time (sec) 

For example, with a 3.579 
MHz crystal controlling the 
clock rate, running time for this 
program is 112 seconds, which 
results in a computed clock rate 
of 893 kHz. The actual clock fre¬ 
quency is 895 kHz (3579 divided 
by 4). 

6800 Monitors 

Table 1 compares eleven ROM 
monitors, with which I am famil¬ 
iar (data for this table was 
adapted, with permission, from 
a comparison table published 
by Gimix): 
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Listing 1., CPU clock speed timer. 




on the CPU board, and substi¬ 
tute a 3.579 MHz color TV crystal 
instead. Because of the division 
by 4 in the 6875, the resulting 
clock speed will be one quarter 
of that, or just under 900 kHz. Al¬ 
though you could use a 4 MHz 
crystal instead, 3.579 MHz 
crystais are inexpensive and 
easy to obtain (I got mine for 99 
cents at a local parts empori¬ 
um). You could also use 80- 
meter ham crystals around 3.7 
MHz, as long as they are the 
newer, metal-case types, not the 
old, pressure-mounted ones. 

You can easily use a frequen¬ 
cy counter to measure the actu¬ 
al clock frequency, but an easier 
way is to use a calibrated pro¬ 
gram. Listing 1 is written to run 
exactly 100 seconds —from the 
time you start It until it rings the 
bell on your terminal, if the clock 


GMXBUG versions 3.0,2.0 and 
1.0, from Gimix, Inc., 1337 West 
37th Place, Chicago, IL 60609. 
Ail three versions are designed 
to be used with the Gimix 6800 
board and the Gimix video 
board. Another GMXBUG is ver¬ 
sion 3.0/8KP, a special version 
for non-GlmIx CPU boards. 

SWTBUG Is by Southwest 
Technical Products Corp., 219 
W. Rhapsody, San Antonio, TX 
78216. 

RT-68 is by Microware Sys¬ 
tems Corp., PO Box 4865, Des 
Moines, lA 50304, and is unique 
among all of these since it offers 
real-time capability to switch 
computer time between a num¬ 
ber of tasks, which take turns 
executing. 

MIKBUG is the original Mo¬ 
torola monitor. 

SMARTBUG is available from 


FEATURE 

6MX 6MX GMX SUT RT/ NIK SNA-BOO-MSI 

JOE 

SMI- 

-HUM 


BUG 

BUG 

BUG 

BUG 68 

BUG RT 

DLE BUG 

BUG TH 

BUG 


V3. 

V2. 

VI. 




BUG BUG 



BUG 


Monitor size 

3K* 3If 

2K ' 

IK 

IK 

512 

IK 

IK 

IK 

2K 

2K‘ 

3K 

RON Type 

"08 

"08 

"08 

"30 

"30 

"30 816 

"16 

"08 


816 816 

Add to SUTBU6 








no 



yes 


Replace SUTBU6 

yes 

yes yes 


yes 


yes 

no 

yes 

yes 

yes 

yes 

Control port - 

4L 



ISC 

1C 

1C 

2S 

2S 

OS 

IS 

IS 

IS 

Alt. control port 





2S 





7L 



Other I/O ports 

3 



OSC 




7L 

IS 

1 

J 

2 

Video board 

GMX GMX GMX 







THO 


PER 

Video fornat 

24x 

lAx 

lAx 







16x 


t6x 

(linesochar) 

80 

A4 

64 







64 


80 

MEMORY EXAM entry 

M 

H 

M 

N 

M 

M 

N 

M 

M 

N 

E 

HE 

Exan next loc 

♦ 

* 

* 

sev 

LF 

sev 

SP 


sev 

sev 

SP 

sev 

Exan previous 

- 

- 

- 




U 


. 

t 

t 

t 

Chanse 1 advance HI 

fF 

# 

# 

/ 

# 

# 

# 

# 

# 

# 

# 

Chanse, no adv 

•# 

'# 

•# 










Display binary 

2 

2 

2 










ASCII entry 








S 



at 

AI 

OTHER NEMORY FUNCTIONS 












Hex Bunp 

D 

D 

D 


D 



D 



V 

HD 


Sump Assy Las) 

Dufip Hach Lans F 
ASCII Block out B 
ASCII Tfxi out 
Move Nenory X 
Fill NeMory Z 
Find byte in nen H 
(#of bytes) 1-3 
Henory test T 
Init Stack Ptr I 
lait IRQ vctr 
Init NNI vctr 
DEBUGGING FUNCTIONS 
Set Breakpoint B 
(#of Bks) 4 
Reset Breakpoint K 
Print Brk Locs. P 
Print ReQisters R 
Chanse Resisters 
Checksufi neiiory C 
Sinsle-Step 
Hex Arithnetic A 
EXECUTE USER PROGRAM 
Goto User Psn 6 
Junp to User P^n 
JSR to User Psn J 
Cont. Frn Break 
Jufip to COOO ROM U 
Junp to E400 ROM 
Junp to E800 ROM 
TAPE SAVE/LOAB 
Load fron tape L 
Load w. offset L 
Punch Tape S 

Punch PC and S9 
Binary Pun/Ld 
Tape on Port 0 
DISK BOOTSTRAP 
SUTP 5- 
Flex Uarnst. 

SSB 5" 

SSB Uarnst. 

SSB 8” 

Percon Bisk 
1/0 PORT CONTROL 
Printer Subr. 

Call Ext. Subr. 

Port 1 On/Off 
Output Uait 
CRT Pause 
Full/Malf Duplex I 


R R 
yes cc 


G 6 
J E * 


G 

Esc- 


U 


Esc 


^‘S ts ts 


Clear Screen 
UTILITY ROUTINES 
MIKBUG Routines 
Conp. Entry Pts. 
Extended Rtnes 
R/T Multi Task 
OTHER 

User Def. SUI 
Bunb Terninal 
Error Detection 
MEMORY USED 
ROM - Prosran 
ROM - Vectors 
RAM Scratchpad 
and ... 
Alternate RAM 


24 


24 
24 

Yes Yes 


E 

4 

Yes 


E/N 


22 17 All 37 0 
22 17 All 37 0 
Yes Yes 
Yes 


Yes Yes Yes Yes No Mo No 
Yes 


EO 

Yes 

AO 

AF! 


Yes Yes Yes Yes 


00 


BE 


AO 


1-3 

1-3 


P.L 


yes 


yes 


C 

M 

MO 

F 

I 

FM 

A 

F 

FI 

2 

1 

1-3 

V 


MT 

B 

1,2 

BR 

1 ' 

2 

4 



BR 



BP 

R 

R 

RE 


yes 

CS 


T 

SS 

G 

6 

GO 

J 

J 

JU 


K 

CO 

Z - 


PD 

L 


LO 

P 


PU 

E 


EN 

T,S 



D 


FD 

M,U 

Q 



t 


U 



Z 


PD 

0 

H 

tSO 



tSD 

Q 


'^S1 

ts 


ts 



tSP 

M 

0/N 

CL 

32 

27 

16 

32 

0 

16 

Yes 

Yes 

Yes 

X 



EO 

F8 

EO 

Yes 

Yes 

Yes 

AO 


AO 


DO 


CO 


Table 1. 6800 ROM monitors. • 
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Level IV Products, Inc. 


Uvonia, Ml 48154 


800-521-3305 


Program Store 

RO. Box 9609 
Wi 

202-337-4691 


r Look who*s raving 

about ADVENTURE 

Out of 50 programs reviewed, Adventure was 
rated No. 1! “Highly recommended.” 

80 Software Critique 


... It is worth the money to buy a computer just to' 

play Adventure." 
Software Directory Winter 1980 


dventures are 1 


Great Scott! 
What have you 
created? 

The international reception of Scott Adams' ADVENTURE 
game series is phenomenal! Each of the ten games takes the 
player on odyssies of intrigue and danger, through 
confrontations with various villains, in pursuit of a wide 
variety of mysteries and treasures, in surroundings both 
familiar and alien. You may find yourself in a voodoo den, 
on the edge of a strange and threatening galaxy, in the 
core of a nialfunctibning nuclear reactor, or in any one of the 
f several other settings; ranging from mundane to bizarre. 

^ • Challenge your genius! Order an ADVENTURE 


Master these ADVENTURES! 

al Sampler 5. The Count 

itureland 6. Strange Odyssey 


0. Special Sampler 

1. Adventureland 

2. Pirates Adventure 

3. Mission Impossible 

4. Voodoo Castle 


7. Mystery Fun House 

8. Pyramid of Doom 

9. Ghost Town 


ADVENTURES are available for Pet™, 
Sorcerer™, Apple™, TRS-80™ Microcomputer, 
k and other major personal computers. 


"... Truly absorbing simulations. These games require 
you to be inquisitive, innovative, a thinker, a risk taker, a 
logician, a warrior, and a lover of real challenges — in 

short, an Adventurer.” 
Ramon Zamora, Recreationai Computing issue 4 


I LOVED IT! There was a real challenge to this program... ” 
Captain 80,80 Microcomputing issue 1 


“Adams' Adventure is exquisitb. It is a true 
tour-de-force...” 
Recreationai Computing 












































MULLEN Computer Products 

PROTOTYPE BOARD 


S46. Kit 


HKB-I H8 PROTOTYPE BOARD 


Now availabie for the 
Heathkit H8 hobl>yist. 

• FuH-sizod FR-4 board with heat smk/mounting brackets, buss 
connectors and potorizing key 

• Designed for ease of external cable connection 

• AH plated thru holes .042” on .1” centers, power and ground 


H8 EXTENDER BOARD 


Our HTB-0 lets H8 owners troubleshoot 
their boards faster and easier. Each board 
can be extended above the computer for 
complete access to sH circuits 
and components. 

FEATURES 


Molex 25-phi edge connectors 
with formed leads for easy 
scope probe attachment 
* Jumper inks in power irtes 
makM current measurement 
arxl Rising easy 

HTB-0 H8 EXTENDER 


$39. (Kh only) 


i • MULLEN Computer Products 

S-lOO EXTENDER/LOGIC PROBE 


* Sturdy 3/32" board 



* New interlaced ground and signal 
traces, improves performance, reduces 
noise, with the new high dock frequency 
boards 

* New brighter display, makes this very- 
handy logic probe easier to use 

* New proposed IEEE buss edge connec¬ 
tor label, with dl the fine quafity docu¬ 
mentation you expect with Mulen kits. 

* High quaKty FR-4 board double sided 
with plated thru holes and solder- 
madced for easy kit assembly 

* Gold on aH mating connector surfaces 
for better electrical contact 

* Formed connector leads for easy s(X}pe 
probe attachment 

* Jumper inks in power lines makes cur¬ 
rent measurement and fuskig easy 

* Large "kluge" area lets you buHd and 
test your own circuits 

S-100 EXTENDER/LOGIC PROBE 
$59. Kit $79. Assm/tested 


S-100 CONTROLLER BOARD 
8 relay-OUTPUTS 
8 opto-isolator - INPUTS 
256 switch selectabie addresses 



Our S-100 CONTROLLER is used in laboratories, at universities, and in industry, in 
hunckeds of applications, and may be the answer u> your control problem. Complete 
programming aixl operating instructions included. 

For higher power appications a 500W CB-1 CONTROLLER KH $129. 

AC POWER MODULE is availabie for $15. Assm/tested $179. 



Special introductory price 


MULLEN Computer Products 

-80* CONTROL BOX 

ASSEMBLED BURNED-IN & TESTED. READY TO USE 


M-aO OCTOPORT 
$159. Assm/Tested 

8 reed relay - OUTPUTS 
8 opto-isolated • INPUTS 
Selectable port address 
'Power supply 

ssembled cable 8-connectors 


^flrRS-80, and our M-80 control box to program control 
ene»^ >mgs devices at home or in your business. Send for our 
free & ^tion notes today. 

'wnsiV of Tandy Radio Shack Corp. 


"^SE ORDER KITS BY NAME (H8 OR S-100). SEND TO: 

Computer products, box 6214. haywaro. ca 94544 
(415) 783-2866. VISA/MASTERCHARGE ACCEPTED. 
SHIPPING & HANDUNG. CAUFORNIA RESIDENTS ADD TAX. 


>der Direct or Contact your Local Computer Store. 
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characters per line for those 
monitors that support a video 
board. 

Monitors that do not use a se¬ 
rial Input on port 1 introduce one 
major problem: a lot of software 
tests the keyboard on port 1 for 
a break character without going 
through the monitor. When a dif¬ 
ferent control port is used or a 
parallel keyboard is used, then 
ail this software has to be 
patched to work. For Instance, 
the GMXBUG manual contains 
about 15 pages of patches to 
various programs so they will 
run with this monitor. This could 
lead to a serious incompatibility 
problem. 

This is eliminated with an 
MP-S card on port 1. Next month 
1 will show users of a video 
board another way-—a special 
input card that interfaces a par¬ 
allel keyboard on port 1 in such a 
way that ail software thinks it’s 
a serial keyboard connected via 
the standard MP-S—to solve 
this dilemma. 

Memory exam functions. All 
of the monitors examine ahd 
change memory contents. In the 
remainder of Table 1, capital let¬ 
ters identify the monitor com¬ 
mand for a particular function. 
In most of the monitors, memory 
can be examined or changed 
with the M command; in SMITH- 
BUG it is done with the E com¬ 
mand; and In HUMBUG it is done 
with the ME command (HUM¬ 
BUG uses twoletter commands; 
all the others use one letter). 

Let’s take a look at SWTBUG’s 
entries. M starts the memory ex¬ 
am mode. Several characters al¬ 
low you to go to the next loca¬ 
tion. The up arrow (t) allows you 
to examine the previous loca¬ 
tion. Entry of a number (shown 
as # In the table) allows a 
change. GMXBUG has a few 
more modes, such as change 
without advancing, display in 
binary or enter ASCII 
characters. SMITHBUG and 
HUMBUG allow ASCII character 
entry. 

Other memory functions. Sev¬ 
eral monitors allow a hexadeci¬ 
mal, formatted dump of memory 
contents. SMITHBUG disassem¬ 
bles memory and outputs assem¬ 
bly-language mnemonics; GMX¬ 
BUG, DOODLEBUG and HUM¬ 
BUG output machine language, 


with address and one, two or 
three bytes of Instruction per 
line. GMXBUG also allows a for¬ 
matted ASCII output, while 
HUMBUG will dump ASCII text 
from memory. 

The larger monitors provide 
additional memory functions, in¬ 
cluding moving a block of mem¬ 
ory contents, filling memory 
with an arbitrary number (such 
as SWI), finding specified bytes 
In memory (one, two or three 
bytes), running a memory test 
and initializing the stack pointer. 

Debugging functions. These 
are extremely important to as-, 
sembly-language programmers 
but may be completely unused 
by BASIC programmers. Except 
for MIKBUG and MSIBUG, all 
other monitors allow the setting 
of a breakpoint. SMITHBUG al¬ 
lows two breakpoints, while 
GMXBUG and HUMBUG allowup 
to four. To keep track of where 
they are, the latter two monitors 
can also print out locations of 
current breakpoints. 

When a breakpoint is encoun¬ 
tered in a program, all monitors 
print out t^e contents of 6800 
registers. This printout can also 
be requested with the R com¬ 
mand. SMARTBUG and SMITH- 
BUG also have specific com¬ 
mands for changing these regis¬ 
ters, while DOODLEBUG allows 
changing the CC register. Addi¬ 
tional debugging commands al¬ 
low computing a checksum of 
memory contents, single-step¬ 
ping through programs and per¬ 
forming hex arithmetic. 

Execute user program. The 
two absolute minimum functions 
of a monitor are changing mem¬ 
ory and jumping to a program. 
Hence, all monitors have a G or 
GO command to go to a user 
program. In most of these, ad¬ 
dress A048/49 Is used as the 
pointer to the program. Several 
monitors also have a J or JU 
command to jump to a program 
without setting A048/49 first. In 
GMXBUG and HUMBUG, this 
command actually does a JSR 
to a user program, so that sub¬ 
routines can be executed and 
will return to the monitor when 
done. 

In some monitors, the G com¬ 
mand is also used after a break¬ 
point to continue the program. 
In others, a different command, 
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Smoke Signal Broadcasting, 
31336 Via Collnas, Westlake Vil¬ 
lage, CA 91361. 

DOODLEBUG comes from 
Computerware Software Ser¬ 
vices, 656 Lomas De Oro, 
Olivenhain, CA 92024. 

MSI BUG is by Midwest Scien¬ 
tific Instruments, 220 W. Cedar, 
Olathe, KS 66061. 

JOEBURG Is written by Joe 
Pentecost, Marietta, GA, and is 
distributed by Thomas Instru¬ 
mentation, 168 8th Street, Ava¬ 
lon, NJ 08202. It is specifically 
aimed at supporting the Thomas 
Instrumentation Video Board. 

SMITH BUG comes from Ed 
Smith’s Software Works, PO Box 
339, Redondo Beach CA 90277. 

HUMBUG is my ‘‘Monitor to 
End All Monitors” effort, I will 
describe many of its routines, 
with source listings, in this se¬ 
ries. A complete listing, how¬ 
ever, takes almost 40 pages and 
can’t be reproduced here. Hence, 
the full source code on disk or 
cassette, as well as 2708 and 
2716 EPROMs, is available from 
Star-Kits, PO Box 209, Mt. KIsco, 
NY 10549. This monitor sup¬ 
ports the Percom video board. 

Monitor Features 

Let’s examine some of the 
features of Table 1. 

Monitor size. The original 
MIKBUG occupied half of a IK 
mask-programmed ROM and 
was, therefore, 1/2K In size. All 
of the newer monitors take up 
1K, 2K or 3K. The more memory, 
the more functions. 

ROM type. MIKBUG and SWT- 
BUG both came on 6830 mask- 
programmed ROMs and plug di¬ 
rectly into the CPU card. They 
are identified with ’30 in the ta¬ 
ble, as is RT/68. Most others re¬ 
quire EPROM, usually 2708 (la¬ 
beled ’08). Several (listed as 816) 
are available as either 2708 and 
2716. 

Add to/Repiace SWTBUG. 
SMITHBUG can be used either 
by itself or in addition to SWT¬ 
BUG (or MIKBUG). DOODLEBUG 
Is not self-contained but must 
be used along with SMARTBUG. 
It Is available either on SSB disk 
for use In RAM or along with 
SMARTBUG in the same 2716. 
All others are designed to com¬ 
pletely replace the usual SWTP 
monitor. 


Ports. This category repre¬ 
sents a big difference among 
the various monitors. The table 
lists ports on four lines. The con¬ 
trol port is the port used for nor¬ 
mal monitor communication; an 
alternate control port Is another 
port that can be used instead of, 
or in addition to, the main port. 
Some of the monitors also sup¬ 
port additional ports that can be 
used for program output, and 
some also support a video board. 

The orIginaJ MIKBUG required 
a PIA port —In the form of an 
MP-C card —in port 1. This is 
shown in the table as 1C (1 
stands for port 1, C stands for 
MP-C, S for MP-S and L for 
MP-L). This was both a control 
port as well as the normal pro¬ 
gram I/O port. 

ISC in the SWTBUG column 
Indicates that the main port in 
port 1 could be either an MP-C or 
MP-S card. For monitor P, L and 
E commands, SWTBUG also sup¬ 
ports a serial device on port 0. 

RT/68 requires an MP-C board 
In port 1 and can also use an 
MP-S card in port 2 in addition. 
SMARTBUG and DOODLEBUG 
require an MP-S card in port 2. 
DOODLEBUG also has provi¬ 
sions for a parallel printer on 
port 7. 

GMXBUG is designed for use 
with the GMX video board for 
output and requires a parallel 
keyboard in port 4. It also will 
support three other I/O ports for 
program use —an MP-S for tape 
on port 0, an MP-L for a parallel 
printer in port 4 or an MP-S for a 
serial printer in port 3. 

JOEBUG works with an MP-S 
card In port 1 as a control port, 
but when used with the Thomas 
Instrumentation Video Board, It 
will also work with a parallel key¬ 
board on port 7 for input and the 
video board for output. It can op¬ 
erate with another serial or par¬ 
allel port for program output. 

SMITHBUG uses an MP-S card 
in port 1 for control but can call 
a user-written output handler for 
another output device such as a 
printer. 

HUMBUG works with an MP-S 
card on port 1 and also supports 
an MP-S card In port 0, the Per¬ 
com video board and a user-de¬ 
fined port for output. 

The table also lists the num¬ 
ber of lines and the number of 



BW-8630 
Battery Tool 


BW-S630 BATTERY TOOL 

The new BW-2630 is a revolutionary battery 
powered wire-wrapping tool. The tool operates 
on 2 standard “C” size NiCad batteries (not 
included) and accepts either of two specially 
designed bits. Bit model BT-30 is for wrapping 
30 AWG wire onto .025" square pins ; BT-2628 
wraps 26-28 AWG wire. Both produce the 
preferred “modified” wrap. 

Designed for the serious amateur, BW-2630 
even includes both positive indexing and 
anti-overwrapping mechanisms — features 
usually found only in industrial tools costing 
five times as much. Pistol grip design and 
rugged ABS construction assure performance 
and durability. In stock at local electronic 
retailers or directly from 

OK Macliine 6* Tool Corporation 

3455 Conner St., Bronx,N.Y. 10475 U.S.A. 

. Tel. (212) 994-6600 Telex 125091 

\ ' 'Minimum billings S25.00. add shipping charge S2.00 / 

New York State residents add applicable tax 


Reader Service index—page 241 
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terrupted, and control returns 
back to the “multitasking execu¬ 
tive” portion of RT/68. 

For each program (task) in 
‘‘emory at the time, there is an 

«try in an area of the scratch¬ 
pad RAM called the “task status 
table,” which contains various 
operating parameters for up to 
16 programs. 

Each time that an interrupt 
causes a jump back to RT/68, 
the monitor looks at the task 
status table to see whether the 
current task should be contin¬ 
ued; if not, it determines which 
other task should be started. 
Thus, up to 16 tasks can be run. 
Some of these tasks might be in¬ 
dependent programs, while 
others might be related to other 
tasks to work on the same prob¬ 
lem. 

Other. Some other features of 
the various monitors may be im¬ 
portant in some applications. 
Most monitors allow the SWI 
Instruction to be user-defined; 
only MIKBUG, RT/68 and 
SMARTBUG do not allow this. 
JOEBUG has an operating mode 
that allows the system to be 


used as a dumb terminal on-line 
to another computer system. 
RT/68 also has error detection; it 
will print out an error message if 
a command is used incorrectly. 

Memory used. Most monitors 
are written to reside at address 
EOOO and up; SMITHBUG starts 
at F800 because it may be used 
with another monitor and thus 
must use different addresses. 
DOODLEBUG’S RAM versions 
are at either 1C00 or 3CCX), and 
the 2716 version is at E400, 
which is the next IK after the 
SMARTBUG with which it Is 
used. The reset and interrupt 
vectors are required by the 6800 
at addresses FFF8-FFFF. 

Most monitors require Just 
the standard 128-byte scratch¬ 
pad from AOOO to A07F; but the 
more versatile ones require 
more memory. Thus, GMXBUG 
uses memory from 6FFF down 
for a stack; RT/68 requires 12 
bytes starting at 0000 only when 
multitasking (these are not 
needed in single-task use). HUM¬ 
BUG requires 128 bytes at DOOO 
in addition to the standard 
scratchpad at AOOO. 


Finally, JOEBUG is available 
in an alternate version that has 
RAM at COOO instead of AOOO; 
this version is designed for use 
with the Thomas instrumenta¬ 
tion CPU board. 

HUMBUG 

Ever since I put a serial printer 
on port 0,1 have been thinking of 
modifying my monitor to allow 
better control over it and also 
over the Selectric printer I have 
on port 4. When I recently got a 
Percom video board, the need to 
interface it properly to existing 
software became even more 
acute. The HUMBUG monitor 
was the result. 

HUMBUG is an extended mon¬ 
itor intended as a SWTBUG/MIK- 
BUG replacement. My standard 
version occupies three 2708 
EPROMs and requires a separate 
EPROM board; a 2K version of 
HUMBUG, which fits into a 2716 
EPROM and fits on the MP-A2 
CPU board, also exists. This lat¬ 
ter version does not have the 
Percom video driver and also 
omits the Ai, MO and MT com¬ 
mands (see Table 1). 


In designing HUMBUG, I had 
the following criteria in mind: 

1. SWTBUG subroutine entry 
points had to be preserved so 
other programs would run un¬ 
changed. SWTBUG scratchpad 
addresses also had to stay the 
same. 

2. I wanted full control over 
the system from the keyboard, 
including turning ports on and 
off in the midst of a program and 
aborting programs from the key¬ 
board without pushing RESET. 

3. I needed extended debug¬ 
ging facilities for machine- and 
assembly-language program¬ 
ming. I was not happy with the 
way SWTBUG handled break¬ 
points and stack pointers in us¬ 
er programs, since it would 
make an occasional annoying 
error. I also wanted a single-step 
mode for stepping through pro¬ 
grams under test. 

4. Finally, I expected HUM¬ 
BUG to change with time and 
wanted to make it easily ex¬ 
tended to new functions without 
major rework. 

We’ll discuss each of these 
criteria in turn next month. ■ 
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TRS-80® 
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10 % 

DISCOUNT 

Off 

List 

64K 1 Drive 
$3499.00 


COMPUTER SPECIALISTS 

Popular 16K Level II System.$ 715.(X) 

26-1145 RS-232 Board. 84.00 

26-1140 ''O'' K Interface... 254.00 

26-1160 Mini Disk. 424.00 

26-1171 Telephone Modem. 169.00 

Cat Telephone Modem. 159.CX) 

Fast 100 CPS Centronics 730 Printer. 675.00 

Text Quality Centronics 737 Printer. 850.00 

Plug Compatible Lobo 5% Drives. 375.00 

Versatile Lobo Interface, 8" Drives 

and Hard Drives. Call For Prices 
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DISCOUNT 

Off 

List 

4K Level II 
$527.00 
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such a K or CO, Is used. 

For use with external ROM 
programs, several monitors 
have a command such as SWT- 
BUG’S Z to jump to PROM. Most 
jump to address COOO, though 
SMARTBUG jumps to E400, and 
DOODLEBUG jumps to E800. 

Tape save/load. All monitors 
except SMITH BUG provide com¬ 
mands to punch and load tape 
using the standard MIKBUG for¬ 
mat (S1 ...). SMITHBUG doesn’t 
have this function because It 
assumes that it Is used as an ad¬ 
junct to another monitor. 

SWTBUG and several others 
have an E or EN command to 
punch the program starting ad¬ 
dress (A048/49) and an S9 at the 
end. SWTBUG also permits a 
port 0 to be used as an option, 
while JOEBUG and DOODLE¬ 
BUG have binary punch and load 
routines for speedier operation. 

Disk bootstrap. Almost all of 
the monitors allow disk boot¬ 
strapping in one way or another, 
but for different disks. If you al¬ 
ready have a disk, this Is Impor¬ 
tant to you. JOEBUG Is the most 
complete in this regard, as it has 
facilities for both the SWTP 
mini-floppy disk system as well 
as the SSB 8 Inch floppy and 
Percom’s LFD-400. (Since Per- 
com’s LFD-4(X) DOS Is In EPROM 
at COOO, the same command 
that jumps to user PROM at COOO 
Is used for booting the Percom 
disk.) 

I/O port control. This section 
lists the commands for control¬ 
ling additional ports. If any. (tS 
means control-S.) There are 
commands for enabling and dis¬ 
abling printer output, as well as 
for calling a user-written exter¬ 
nal subroutine. JOEBUG and 
HUMBUG have a command for 
turning off port 1 output while 
letting the video board continue 
at full speed. In several moni¬ 
tors, tS provides a wait function 
for stopping output while you 
read the CRT screen. HUMBUG 
also has a command for paus¬ 
ing automatically every 15 lines. 
The full/half duplex command 
controls echoing of Input back 
to the output device. 

Utility routines. In addition to 
monitor commands, most moni¬ 
tors have a set of subroutines, 
such as INEEE, OUTEEE and 
PDATA, as well as a host of less 


common ones, that are general¬ 
ly called by user programs for in¬ 
put and output. The original 
MIKBUG had several dozen 
such routines (and associated 
variables), which are often used 
by other software. For obvious 
reasons, other monitors provide 
the same routines, usually at the 
same addresses. 

The utility routines section of 
Table 1 shows how many such 
MIKBUG routines each monitor 
has, and also whether they have 
compatible entry points. With 
the exception of GMXBUG ver¬ 
sion 1.0 and DOODLEBUG, all 
other monitors have most of the 
MIKBUG routines. Only about 
ten of the MIKBUG routines are 
commonly used, so most of the 
monitors will provide this basic 
core of routines. Likewise, most 
of the monitors provide these 
routines at the same entry ad¬ 
dresses. The one exception is 
SMITHBUG, which has no com¬ 
patible entry points. Keep in 
mind that SMITHBUG is In¬ 
tended to be used primarily as 
an addition to another monitor, 
not as a replacement for it. 
Hence, it relies on the routines 
in the other monitor. If SMITH- 
BUG were used all by Itself, ma¬ 
jor and extensive surgery would 
be required on other software to 
change monitor routine calls. 

DOODLEBUG has no compat¬ 
ible routines, since it must be 
used with SMARTBUG and is 
not self-contained. Some of the 
monitors, such as GMXBUG, 
have extended routines not in¬ 
cluded in MIKBUG. GMXBUG is 
particularly rich in these, since it 
has routines to push and pull in¬ 
dex register contents and add 
accumulators to the index regis¬ 
ter. Any program written to take 
advantage of these will not run 
with other monitors. These 
routines use the SWI Instruction 
and cannot be used with Flex 
2 . 0 . 

RT/68 is different from ail the 
others in one big way: it sup¬ 
ports real-time multitasking. An 
external clock signal, usually at 
a fixed rate such as 60 or 100 
pulses per second, is connected 
to the control port to generate 
interrupts at each pulse; this is 
called a real-time clock. Each 
time an interrupt occurs, the 
program currently running is in- 
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Fig. 4. Select circuits. 




Have computer, will travel. 

Executive Computer System Carrsriug Cases. 

• Makes your microcomputer truly portable. 

• Protects your equipment: locking latches limit access. 

• Rugged black vinyl with metal corners outside. 

• Protective foam rubber, black velveteen covered, inside. 

• Computer can be operated without removing from case. 

• And cases are custom designed for full systems. 


Apple* Executive Case holds: 

• Apple microcomputer. 

• 9* Sanyo monitor. 

• 2 disk drives. 

• Power strip. 

• 2 boxes diskettes. 

• Manuals. 

• Dimensions: 28''x 2l''x 10 y 2 

• Weight: 17 pounds. 

• Price; $179 


TRS-80** Executive Case holds: 

• TRS'80 Microcomputer. 

• Expansion interface. 

• 2 disk drives. 

• Power strip. 

• 2 boxes diskettes. 

• Manuals. 

• Dimensions: 28''x 21V4 "x 8V4 

• Weight: 17 pounds. 

• Price: $179 


Tferms: FOB Los Angeles—Master Charge, Visa or check 
with order. Allow 3-4 weeks for delivery. 

* Registered, Apple Computers, Inc. 

••Registered TVademark, Thndy Cori>oration. 


COMFOTER TEXTile 

10960 Wilshire Blvd, Suite 1504 ^119 

Los Angeles, CA 90024 (213) 477-2196 
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$720 
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The world’s most popular microco«nputer, with 16K of 
memory and Level 11 basic for only $720, complete 
with full 90 day Radio Shack warranty. 

We accept check, money order or phone orders with 
Visa or Master Charge. (Shipping costs added to 
charge orders). 

Disk drives, printers, peripherals, software & games... 
you name it, we’ve got it 
(both Radio Shack & other 
brands). Write or call for 
our complete price list. 


ELECTRONICS 
MART, LTD. 


AUTHORIZED 

DEALERSHIP 


Radw /haeill 


32 EAST MAIN • MILAN. MICHIGAN 48160 • (313) 439-1508 


INTERNATIONAL 
ELECTRONICS TOUR 

VISITING FOUR ELECTRONICS SHOWS 

in 

KOREA, JAPAN, TAIWAN & HONG KONG 
October 8-22, 1980 

♦♦♦Air Transportation Via Japan & Northwest Air¬ 
lines. 

♦ ♦♦Participants May Return to the CJ.S. Individually 
Within 35 Days From the Date of Departure. 

♦♦♦First Class Hotel Accommodations. 

♦♦♦Daily Show Transportation—To and From 
Hotels. 

♦♦♦Overseas Co-Host: Electronics Industry Assn, of 
Each Country. 

♦♦♦Arrangements For Group and Individual 
Business Meetings. 

♦♦♦Business Briefings by Local Governments, 

Chamber of Commerce, and CJ.S. Embassy Com¬ 
mercial Officers. 

♦♦♦Price: $2020.00 Including All CJ.S. and Foreign 
Taxes. 

As described by Wayne Green in January 1980 Microcomputing 
Editorial 

Write for information about Electronics Tour To Far East 
JODY KABEL Commerce Tours International, Inc. 

870 Market Street, Suite 742-744 >^317 

San Francisco, CA 94102 


Reader Service index—page 241 
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With an X-T Plotter 


Produce publishable plots with a cheapo chart recorder. 


2000 REM SHELL-METZNER SORT ON COL KO 
2010 N = 99;M = N 
2020 M=:INT(M/2) 

2030 IF M = 0 THEN 2170 
2040 K=N-M:J = 1 
2050 l = J 

2060 L= I + M:IF M%(l +2,K0)>M%(L + 2,K0) THEN 2090 
2070 J =J + 1:IF J>K THEN 2020 
2080 GOTO 2050 

2090 REM SWAP ROWS OF M% . 

2100 FOR P = 0 TO 3 
' 2110 M%(0,f^ = M%(l +2,P) 

2120 M%(I-».2,P) = M%(L + 2,P) 

. 2130 M%(L + 2,P) = M%(0,P) 

2140 NEXT P 

2150 I = 1 - M:IF l<1 THEN 2070 
2160 GOTO 2060 

' 2170 PRINT “SORTED ON COL”;KO 
2180 RETURN 

Program for Shell-Metzner sort of rows 2-101 of matrix MVo of 
column KO. Rows 0 and 1 of the matrix contain identification, not 
data; row 0 is used for temporary storage during the sort. Entire 
rows are swapped in the loop at 2100-2140. A total of 99 rows of 
data is ordered on the desired column in about two minutes of 
computer time. 


3500 REM PLOT PT SSR 
3505 IF K<0 THEN K = 0 
. 3510 G% = INT(K*SC) +128 

3514 IF G%>383 THEN G% = 127 
3515. IF G%>255 THEN G% = G% - 256 
3530 OUT 30,G%:GOSUB 2500 
3540 IF KT<TI.32 THEN 3530 
3550. RETURN 

Program to plot a point Y at a specific time T:pX. Here the value 
(Y) to be plotted is K. SC is a scale factor, adjusted elsewhere in 
the program to ensure that all points fit on the page. Statements 
3510-3515 adjust the value to agree with the convention used by 
the Cromemco D + 7/\ board; this is sent by the OUT30, G% in 
3530. Subroutine 2500 reads the clock and returns a count KT; 
this is compared to the current value of X, variable Tl. The time 
scale factor 32 is adjusted to suit the paper speed being used. 
The value of Y is repeatedly sent to the plotter until KT = Tl*32, 
then the RETURN is executed and the next point is processed. 


Kenneth Reid 
1935 Trevilian Way 
Louisville, KY 40205 


A n X-Y plotter capable of the 
precision needed to pro¬ 
duce publishable plots is expen¬ 
sive—typically over $1000. A 
chart recorder of equivalent ca¬ 
pability, the Heathkit model IR- 
18M, costs less than $200, but 
can only plot a variable Y against 
time. A Y-T plotter can be used 
as an X-Y plotter with a micro¬ 
computer. The trick Is to convert 
the independent variable X to 
time. 

i 

How to Do It ^ 

I use an Altair 8800 with 24K 
of memory. The programs are 
written in Altair (Microsoft) BA¬ 
SIC, version 3.3. Analog data Is 
collected using a Cromemco 
D -F 7A converter board (see Mi¬ 
crocomputing, March 1979, p. 40) 
and saved in Tarbell format on 
cassette tape. An independent 
clock that counts seconds is 
available from a home-brew 
board. 

Conversion of X to T occurs in 
two stages. The first is software: 
the data array is read in from 
tape as a 101 row x 4 column In¬ 
teger matrix and sorted on the 
column selected as variable X so 
that the values of this column are 
In ascending order. At the same 
time the other columns are 
sorted so that the rows are rear¬ 


ranged, but each row remains in¬ 
tact. Using a Shell-Metzner sort; 
this operation takes about two 
minutes on my system. (See 
“Quicksort,” Microcomputing, 
April 1979, p. 96.) . 

The second step is the actual 
plotting. After plotting, a set of 
calibration marks, the seconds 
clock resets to zero and begins 
to count. When the clock count 
equals or exceeds the f Irsit value 
of column X, the value in the 
same row for variable Y goes to 
the plotter pen via the D/A con¬ 
verter. The next X value is then 
compared, and its Y value sent 
at the time T exceeds X. This 
procedure is repeated until the 
time count T exceeds the largest 
value of X and the plot is com¬ 
pleted (see Fig. 1.) 

A useful variation is the histo¬ 
gram format of Fig. 2. Fora spec¬ 
ified X interval, the correspond¬ 
ing values of Y are averaged, 
and the mean value is plotted as 
a bar. The standard deviation is 
shown as a line above and be¬ 
low the bar. 

The procedure is slow, partic¬ 
ularly for the histogram format. 
Since the paper cannot move 
appreciably during the tracing 
of a vertical line, and the pen 
slew time is about one second 
for full scale, I’m limited to a pa¬ 
per speed of 50 sec/inch or slow¬ 
er. Usually I plot at 100 sec/inch 
or, for compact plots, 200 seel 
inch. One advantage of the Y-T 
format is that the paper comes 


186 Microcomputing, July 1980 











